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ABSTRACT
Title of Dissertation: Biofuel as the Future Fuel for Maritime Transport: A
Comparative Assessment with Conventional Marine Fuels.
Degree:

Master of Science

Shipping has been the heart of global trade by facilitating movement or exchange of
goods from one country/region to another but this has been found to contribute to the
climate change the globe is experiencing through emission of GHGs from combustion
of fossil-based marine fuels such as HFO, LSFO and MDO/MGO for its propulsion.
Biofuels are considered a viable cleaner alternative marine fuel that has the potential
to transit shipping to a low carbon future.
This dissertation aimed to assess the feasibility of biofuels as marine fuel in
comparison with the fossil-based marine fuel considering the techno-economic, social
and environmental parameters. In this regard, relevant peer-reviewed literatures and
grey literatures were reviewed; Strengths (S) Weaknesses (W) Opportunities (O)
Threats (T) Analysis was used for comparison with conventional marine fuels; and
sustainability business model CANVAS to dissect the impacts of biofuels usage as
marine fuel on economic, social and environmental sustainability.
Noting the slow uptake of biofuels in the maritime sector, the study identified the key
drivers; provided clear insights into barriers hindering the adoption; and came up with
a global and Nigeria’s specific roadmaps for speedy and wider adoption of biofuels in
the shipping sector. In summary, the key findings from the study affirmed that biofuels
are technically viable fuels compatible with the existing marine engines (with little or
no modification) which benefit the environment in terms of reduction in harmful
emissions (pollutants and Life-Cycle GHGs), and benefit the society in terms of job
creation, developments especially in rural areas where feedstock production would
open several opportunities, however, the economic feasibility is greatly challenged by
the high cost of production of biofuel (with about 75% on feedstocks/raw materials);
sustainable availability of feedstocks to produce biofuels at commercial scale.
The roadmap recognized the need for tailor-made enabling policies and financial
mechanisms (grants, incentives) that would support critical research and
development programmes to remove the barriers, improve on the strengths and
upscale production of biofuels in a sustainable manner.
KEYWORDS: Biofuels, fossil-based marine fuels, assess, GHG emissions, viability,
techno-economic, social, environmental, sustainability, feedstocks, production,
competition, potential marine fuel, low/zero carbon fuels, alternative fuels.
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1.0 INTRODUCTION
1.1

Background

Shipping facilitates about 80% of global trade and highly dependent on fossil-based
petroleum products (majorly Heavy Fuel Oil (HFO), Low-Sulfur Fuel Oil (LSFO),
Marine Diesel Oil (MDO)/Marine Gas Oil (MGO) and Liquefied Natural Gas (LNG))
with annual consumption of more than 203million metric tonnes of fuel oil
(representing 93.8% of applicable gross tonnage) and about 12million metric tonnes
of LNG (International Maritime Organization (IMO), 2021).
The fossil-based marine fuels such as Heavy Fuel Oil (HFO), Low Sulfur Fuel Oil
(LSFO), Marine Diesel Oil (MDO)/Marine Gas Oil (MGO) used by ships release
harmful pollutants such as Sulfur Oxides (SOx), Nitrogen Oxides (NOx), Particulate
Matter (PM), Carbon-di-oxide (CO2) into the atmosphere with negative impacts on
human well-being and the environment (Foretich et al., 2021; Lindstad et al., 2021).
Recognizing these negative externalities from burning of fossil fuels via shipping,
which contributes about 2.9% of anthropogenic greenhouse gas emissions (European
Commission, (2021b), the International Maritime Organization (IMO) and the global
community identified the use of cleaner alternative fuels as one of the options to transit
away from harmful effects of conventional marine fuels.
The steady growth of seaborne trade from 4.01billion tons in 1990 to 10.65billion tons
in 2020 as shown in figure 1.1, the IMO´s projection in its fourth greenhouse gas study
that emissions from shipping would rise to 90-130% in the year 2050 compared with
2008 emissions (IMO, 2020) and the conviction that the operational and technical
efficiency measures would not be able to drive shipping towards achieving 50%
greenhouse gas (GHG) emission reduction by 2050 (Hansson et al., 2019;
International Chamber of Shipping, 2020) necessitate the search for alternative
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cleaner fuels with less or zero emissions that would replace the fossil-based marine
fuels and stricter Regulations
Biological based marine fuels (biofuels) have low sulfur content and high potential to
lessen particulate matter (PM) and net CO2 emissions, which make them one of the
possible future marine fuels that is cleaner and renewable (Tan et al., 2021). In this
regard, this study is considering assessing the feasibility of biofuels (such as
biodiesel, Hydrotreated Vegetable Oil (HVO), Biomethanol, Straight Vegetable Oil
(SVO)) as potential viable fuel with respect to bunkering, compatibility with existing
marine engines, environmental, economic and social sustainability in comparison with
conventional fossil-based marine fuels such as HFO, LSFO and MDO/MGO.
Nigeria is blessed with huge biomass resources (including forests, agricultural
products and cellulosic wastes) bolstering its potential for biofuels production (BenIwo et al., 2016). This study tends to provide insights into strengths, weaknesses,
opportunities and threats of bio-based fuels and fossil-based marine fuels that would
assist decision makers, the public and private entities in charting a sustainable path
away from deadly emissions from the use of fossil fuels, and to come-up feasible
roadmap for wider uptake of biofuels as marine fuel to drive the maritime transport
sector towards social, environmental and economic sustainability.

Figure 1.1: Growth of seaborne trade from 1990 to 2020 (Statista, 2021c)
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1.2

Problem Statement

The shipping industry uses low quality HFO because it is cheap (Foretich et al., 2021)
but this comes with emission of harmful Sulfur Oxides (SOx), Nitrogen Oxides (NOx),
Carbon-di-Oxide (CO2), Volatile Organic Compounds (VOCs) and Particulate Matter
(PM) (Kesieme et al., 2019). These pollutants have negative impacts on human and
marine environment healths while also changing the global climate (Ballini et al.,
2017).

Recognizing the threats from harmful emissions from using HFO, the

International Maritime Organization (IMO) adopted Regulations for reduction of SOx,
NOx and VOCs and put in place mandatory strategic measures to reduce
Greenhouse gas (GHG) emission from international shipping.
In addition, top maritime nations like the European Union (EU) took the initiatives to
reduce harmful emissions (for instance: the EU adopted the EU Sulfur Directive in
2012 to regulate the percentage sulfur in marine fuels, and recently adopted the “EU
Green Deal” to ensure sustainability of maritime transport (by reducing/eliminating the
negative externalities)).

In the light of the aforementioned and the commitment to stay on course with the
global decarbonization target by putting in place needed Regulations for international
shipping, the IMO adopted the first technical and operational measures to improve
energy efficiency of shipping in the transport sector through mandatory provisions on
Energy Efficiency Design Index (EEDI) for new ships (in force since 2011); Energy
Efficiency Existing Ships Index (EEXI) coming into force in January 2023; Ship Energy
Efficiency Management Plan (SEEMP) and Carbon Intensity Indicator (CII) (entry into
force in January, 2023). Nevertheless, to show commitments, the IMO adopted a
policy framework called “Initial IMO GHG Strategy” which sets the levels of ambition
into short, medium and long-term measures towards achieving the 50% GHG
emission reduction target of the IMO by 2050 in comparison with 2008 level
(International Maritime Organization, 2021).
Moreover, the United Nations commitment to making the globe a better and
sustainable space for everyone prompted the adoption of Sustainable Development
Goals (SDG) to combat the challenges facing the globe which include but are not
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limited to climate change, poverty, environmental degradation, inequality as well as
peace and justice. Specifically, the SDG 13 calls for global climate action, noting the
increase in global CO2 emissions by 50% since 1990, while the SDG 7 resonates the
need for clean and affordable energy, with both actions essential to attaining the UN
SDG 2030 as well as healthier and sustainable future (United Nations, 2015).
The highly dependence of shipping on fossil-based marine fuels (such as HFO, LSFO,
MDO/MGO) has created negative environmental externalities which need to be
regulated to avert the global climate crisis. According to the IMO´s Initial GHG
Strategy, the long-term measures include the pursuit of production of zero-carbon or
fossil-free fuels that will aid the decarbonization of the shipping sector by 50% by
2050. It is also essential to highlight that the IMO stringent Regulations to desulfurize
shipping is another key driver for shipping companies to source for alternative lowsulfur cleaner fuels (Tan et al., 2021).
The use of biofuels (such as biodiesel, HVO, biomethanol, biogas, bioethanol) is
considered one of the measures to reduce harmful emissions from shipping (GARD,
2020; Hansson et al., 2019; Xu et al., 2015), but the uptake in the shipping sector is
considered slow (Panoutsou et al., 2021) and required further research to harness
the potential.

1.3

Aims and Objectives of the Study

1.3.1 Aim
The overall aim of this study is to investigate the viability of biofuels as the future fuels
for maritime transport considering the environmental, social and techno-economic
impacts of the fuel.

1.3.2 Objectives of the Study
The following are objectives of the study:
1. To review gray and peer-reviewed literature to critique the need for alternative
marine fuels and the potential of biofuels as marine fuel.
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2. To assess and compare the social, techno-economic and environmental
potentials of biofuels in comparison with conventional marine fuels (HFO,
MDO, MGO, LSFO) using SWOT Analysis and CANVAS.
3. To come-up with a roadmap for wider uptake of biofuels as potential future
marine fuel, and make recommendations towards boosting the uptake of
biofuels and decarbonization in Nigeria's shipping sector.

1.4

Research Questions

1. Why does maritime transport need alternative fuels to achieve its
decarbonization goal?
2. What are the potentials of biofuels in comparison with conventional marine
fuels considering the environmental, social and techno-economic factors?
3. What actions are needed to achieve wider adoption of biofuels as viable
alternative low carbon fuel for the global maritime transport sector?

1.5

Research Methodology

This study entails systematic literature review of relevant peer-reviewed research
work, published books, industry reports, patents as well as academic reports on
conventional marine fuels and biofuels. The focus of the study is to compare biofuels
with fossil-fuel based fuels based on available data and information in literature and
technical reports using Strengths, Weaknesses, Opportunities and Threats (SWOT)
Analysis and Sustainable Business Model CANVAS.
This review is not intended to validate the different literatures or reports but to use
quality literatures and reports in coming up with a qualitative comparative analysis
and feasible biofuels roadmap that could advance knowledge in biofuels uptake as
the future maritime fuel.

1.6

Research Limitations

This research concentrated on assessing the potential of biofuels in general term in
comparison with the conventional marine fuels such as HFO, LSFO, MDO. It does not
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cover all biofuels and other alternative fuel options. Also, the study does not include
biofuels´ production technology pathways due to limited time for the research.

1.7

Research Outline

This dissertation contains six (6) chapters that is organized in the following manner:
 Chapter one presents a general introduction of the study covering the
background, the problem statement, the aims and objectives of the study, the
research questions, the methods adopted for the research and the research
limitations.
 Chapter two highlights the methodology adopted for the research, which
included the data gathering process and analytical tools such as SWOT and
CANVAS used.
 Chapter three entails the review of relevant peer-reviewed literatures,
international organizations and industry reports, as well as patents and
academic reports on fossil-based marine fuels, alternative fuels and biofuels,
and provides the summary findings from the review.
 Chapter four entails the comparative assessment of biofuels as against the
conventional fossil-based marine fuels using SWOT Analysis to come-up with
the strengths, weaknesses, opportunities and threats of the two fuel options
using the social, techno-economic and environmental criteria. It also involves
the use of sustainable business model CANVAS to provide insights into the
impacts/benefits of using biofuels as bunker fuel on social, economic and
environmental sustainability.
 Chapter five provides the roadmap for wide-uptake of biofuels as future low
carbon fuel (global scope and Nigeria case) using the knowledge gained from
chapter three and four.
 Chapter six contains the conclusion and recommendations to advance
knowledge and wider adoption of biofuels as a cleaner alternative and
renewable fuel for shipping.
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2.0 METHODOLOGY
Last decades have seen a shift in focus to addressing negative externalities from
industrial revolution and technological advancement. Recognizing the importance of
sustainable utilization/production of resources in achieving the socio-economic and
environmental benefits of nature gifts, this chapter describes the methods adopted for
the comparative assessment of biofuels as against conventional fossil-based marine
fuels to power ships. Strengths, Weaknesses, Opportunities and Threats (SWOT)
analysis and CANVAS (Sustainability Business Model Canvas) are considered for the
comparative assessment.

This research entails qualitative analysis of relevant peer reviewed and gray
literatures/articles/reports to identify common/key observations or contrary opinions on
conventional marine fuels and biofuels for SWOT Analysis and use in CANVAS to
provide better insights into the complexities surrounding selection of future alternative
marine fuels. The analysis focus on the technical, economic, social and environmental
performances and impacts of the marine fuels under consideration using relevant inputs
from literatures, published books, industry reports and patents.

2.1

Data/Information Gathering

For effective comparative assessment using SWOT Analysis and CANVAS, the review
of relevant peer reviewed literatures/articles, books, technical reports of international
organizations (such IMO, United Nations Environment Programme (UNEP), World
Meteorological Organization (WMO), supranational organizations (such as the European
Union), top maritime nations and the industry was carried out. The data gathering
methodology is illustrated below:
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Data/Information
Gathering

Technical Reports on
Fossil-Based Marine
Fuels & Alternative
Fuels (Biofuels)

Databases for
Publications/Articl
es /Journals

WMU Library
Resources:
ScienceDirect,
Scopus etc and
databases like
DNV, Statista

International
Organizations
Documents such as
IMO Conventions,
reports, Resolutions,
Guidelines

Relevant
Books (ebooks)

Supranational
Organizations
Documents such as
EU Energy Policies,
Directives, Projects
reports.

Figure 2.1: Illustrative block diagram of the data/information gathering
process

2.2

Description of SWOT Analysis Model

SWOT Analysis is a strategic valuable analytical model used for evaluation of
managerial, operational, technological, economic or developmental scenarios that would
provide Governments, policy makers and businesses with intuitions on viable
alternatives or solutions to identified problems (Satta et al., 2021). This analytical tool
can be divided into two: (a) Strengths and Weaknesses (SW) – that are attributed to
organizations´ internal factors; (b) Opportunities and Threats (OT) – that are attributed
to factors outside the organization (the competition from other alternatives or external
environments) (Satta et al., 2021).

In the context of this research work, the internal factors refer to the strengths and
weaknesses of the marine fuels with respect to raw materials, production techniques,
compatibility with ship engines, carbon and sulfur contents, energy density and other
factors relating to the physical and chemical properties of the marine fuels; while the
external factors refer to the opportunities and threats with respect to competitiveness
with other marine fuels in terms social impacts, environmental impacts as well as
legislation amongst others.
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Internal Factors Analysis
Strengths
Weaknesses
SWOT ANALYIS
MODEL
External Factors Analysis
Opportunities
Threats
Figure 2.2: SWOT Analysis Model

This tool has the potential to enable identification of resources needed for effective
competition with other available options, the present capacity, the barriers,
benefits/opportunities and threats from the use of a particular method or option (for
instance: marine fuel options) (Thompson et al., 2013). It has been established that
SWOT analysis is a valuable tool for critical analysis of nation´s energy sector in
achieving sustainable development, which will highlight the strengths of a system or
process which will serve as the basis for strategic development; or the weaknesses that
should be eliminated to achieve sustainable development, while also underlying the
opportunities for exploitation or threats to be alleviated (Goffetti et al., 2018).

For effective comparative assessment of the conventional fossil-based marine fuels
(HFO, LSFO, MDO/MGO) with biofuels, the following parameters are considered for
SWOT analysis:
1. Raw Materials Availability/Abundance
2. Production Technologies
3. Overall Emissions
4. Global Warming Potentials
5. Bunker Prices
6. Social Impacts
7. Environmental Impacts
8. Financial Implications
9. Legislations
10. Physical and chemical properties (technical)
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Using the SWOT analysis, the Strengths and Weaknesses of using fossil-based marine
fuels (HFO, MDO) and the Biofuels (such as Biodiesel, Straight Vegetable Oil (SVO),
Hydrotreated Vegetable Oil (HVO)) for ships propulsion would be analyzed, while the
Opportunities and Threats from using these fuels would also be expounded. The
essence of which is to identify the internal and external factors that could encourage or
hinder the uptake of biofuels as viable marine fuel alternatives towards achieving
shipping with low harmful emissions. On the other hand, recognizing ‘arbitrariness’ as a
major limit of SWOT analysis, impactful/key points in literature and technical reports are
considered to have logical conclusions, hence the adoption of the two methods.

2.3

Description of CANVAS Model

Understanding the importance of responsible production and utilization of resources to
achieving the United Nations´ Sustainable Development Goals 2030, and the gains
accrued to the environment, the economy and social welfare of the populace from
sustainable resource development, a Sustainable Business Model CANVAS is adopted
to strategically analyse the social, economic and environmental impacts of the marine
fuel options.

Figure 2.3: Illustration of the Global Sustainability Model (Nordic Innovation, 2021).
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The adoption of Sustainable Business Model Canvas (SBMC) in this study is motivated
by the desire to re-emphasize the need for integration of sustainability concepts to
business developments or operations, and to provide a simplified visual representation
of the complexities in choosing alternative marine fuels for a better comprehension of
the barriers and opportunities of the fuels.

In addition, the SBMC focuses more on maximization of benefits or positives from an
activity or process and avoidance of negative externalities on the society and the
environment from the same activity or process (CASE, 2015).

This model will be used to dissect the social, economic and environmental impacts of
using biofuels, while also linking the adoption of the fuels to the global sustainable goals,
this will give valuable insights into the viability of biofuels as future marine fuel, while also
highlighting the essential needs to boost the uptake of biofuels in the shipping industry.
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3.0 LITERATURE REVIEW
3.1

Maritime Transport and Emissions

The seas and oceans are one of the greatest natural gifts to mankind, housing huge
mineral resources, marine ecosystems, marine mammals and serving as a medium
through which people and cargoes are transported from one location to another.
Shipping has been the conduit for exchange of more than 80% of global trade in volume
(Hansson et al., 2019; UNCTAD, 2021), making it critical for economic development
(Ballini et al., 2017).

The advent of oil caused a major shift from coal-fired steam engine driven to internal
combustion engines (ICE) to marine diesel engines towards improved energy and
thermal efficiency. This rapid change to hydrocarbon-based marine fuels was slightly
comprehended but normally argued that it was due to ease of use on board vessels,
faster and easy bunkering, better energy density, lesser space required, better
acceleration, reduction in crew members and superior voyage coverage between fueling
operations (Corbett, 2004; Melsted & Pallua, 2018).

In the last decades, there has been growing concerns of the global community on the
negative externalities associated with burning of fossil fuels (for transportation, heating,
electricity and industrial use). Shipping is well-thought-out as the most energy-efficient
and environmentally friendly amongst other modes of transportation given the volume of
trade it facilitated and contributing about 3% of global GHG emissions (Di Natale &
Carotenuto, 2015). However, the combustion of hydrocarbon-based marine fuels in ship
engines results in emission of pollutants and greenhouse gasses (GHGs) which are very
harmful to the environment, human health and climate. These emissions include potent
pollutants such as SOx, NOx, Particulate Matter (PM) or black carbon (BC) and CO2
(Foretich et al., 2021; Kim & Seo, 2019; Lindstad et al., 2021).
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Sulfur Oxides (SOx) emission is very harmful and highly dependent on the sulfur content
of the marine fuels used in ships´ engines. It is reported that 5-8% of anthropogenic SOx
emission is from maritime transport (International Transport Forum, 2014; Kesieme et
al., 2019; Viana et al., 2014). Release of SOx into the atmosphere exposes human
beings especially the coastal dwellers and people staying around the Ports to
cardiovascular, respiratory and lung ailments (IMO, 2020b); and once it reacts with
water, it causes acidification, which impacts marine ecosystem and species, crops,
forests and the oceans (Hannun & Abdul Razzaq, 2022; IMO, 2020b).
Nitrous Oxides (NOx) is formed from the combustion process of marine fuel with air
(oxygen) in ships´ engines at elevated temperatures and pressures, and it is estimated
that 15% of global human-caused NOx emissions is from shipping (Kesieme et al., 2019;
Viana et al., 2014). NOx contributes to eutrophication (which intensifies the risk of
ecosystem damage and loss of biodiversity), ocean acidification as well as smog
formation (Jutterström et al., 2021). It is also a major driver for formation of ozone, which
can cause lung damage and other serious effects on human well-being (Jutterström et
al., 2021).
Another dangerous pollutant emitted from ships is Particulate Matter (PM) or Black
Carbon (BC), which contains mainly mineral ashes (from impurities in fuels); sulfates and
nitrates and soot particles (which are mostly organic carbons) and can induce chronic
cardiovascular diseases and other ill-health such as cancer (Di Natale & Carotenuto,
2015; (Jiang et al., 2019; Oeder et al., 2015), posing serious health risks to coastal
dwellers.
Greenhouse gas (GHG) emissions from shipping include mainly carbon dioxide (CO2),
nitrous oxide (NO2) and methane (CH4) and the fourth IMO GHG study highlighted a
9.3% increase in CO2 emissions in 2018 from 2012 value 2018 (that is from 962million
tonnes CO2 emissions in 2012 to 1,056 million tonnes CO2 in 2018) (IMO, 2020a) as well
as being the major driver of climate change.

3.1.1 Greenhouse Gasses (GHG) and the Climate Impact
Naturally, there is an interactive balance between the solar radiation of the sun and the
reflected thermal radiation from the surface of the earth which governs the earth's

13

surface temperature (Chophel, 2022). The greenhouse gasses such as water vapor,
CO2, Nitrous Oxide (N2O) and Ozone trap heat in the atmosphere, preventing the heat
energy from sunlight´s solar radiation from escaping from the earth, thereby making the
earth's atmospheric temperature warmer.
The first action driving greenhouse effects is the additional emission of greenhouse
gasses from human activities, which raises the concentration of GHG in the atmosphere
(Balcombe et al., 2018). Noting that all gasses considered GHG has radiative efficiency
which increases with the concentration of GHGs in the atmosphere and gives the value
of radiative forcing for each GHG, which implies the cumulative change in the
atmospheric heat balance due to increase in GHG concentration in the atmosphere
(Balcombe et al., 2018), for instance, among the long-lived GHGs (LLGHGs), CO2
accounts for about 66% of radiative forcing, CH4 accounts for about 16% of the radiative
forcing, Nitrous Oxide (N2O) accounts for 7% radiative forcing, and other GHGs such as
ozone depleting substances account for about 11% of radiating forcing (World
Meteorological Organization, 2021). When the value of radiative forcing increases, there
will be an increase in temperature, the degree of the temperature increment is dependent
on the concentration levels of GHGs and other gasses in the atmosphere as well as the
emissions magnitude (Balcombe et al., 2018).

Figure 3.1: Percentage contributions of main long-lived GHGs in increasing global
radiative forcing as a result of these GHGs before the industrial era (World
Meteorological Organization, 2021).
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Additionally, the emission of CO2 is highly dependent on the amount of carbon (C)
concentration in the marine fuel utilized and the fuel consumption (Herdzik, 2021), for
instance, according to a data from IMO RESOLUTION MEPC.308(73), the carbon
concentration in conventional fossil-based marine fuels like the HFO is about 85%,
implying a specific CO2 emission of 3.114tons of CO2 per ton marine fuel (see Table 3.1).
Table 3.1: Marine fuels, their carbon content and specific CO2 emission (Acomi &
Acomi, 2014; IMO, 2018b).
Type of Marine Fuel

Carbon Content

Specific CO2 emission
(ton-CO2/ton-fuel)

Heavy Fuel Oil (HFO)

0.85

3.114

Low Sulfur Heavy Fuel Oil (LSHFO)

0.86

3.151

Marine Diesel Oil (MDO) / Marine 0.875

3.206

Gas Oil
Liquefied Natural Gas (LNG)

0.75

2.75

In ships, the major sources of emissions are: the combustion of marine fuels in engines
which releases GHGs and other pollutants through the exhaust (tank-to-wake); and the
production of marine fuel, and about 70% of emissions from ships occur within 400km
(approximately 216nm) of the coastlines (Di Natale & Carotenuto, 2015; Krantz et al.,
2022), which compound the risk of exposure and harm to human health and the marine
ecosystems.

Moreover, this rise in global temperature results in climate change, causing damages
through critical weather conditions such as hurricanes, cyclones, rise in sea-levels,
extinction of species, loss of biodiversity, wildfires and heat waves (Harper et al., 2021),
which are expected to be significant and continue to rise steadily, mainly as a result of
anthropogenic GHG emissions (NASA, 2022). In addition, the International Panel on
Climate Change (IPCC) pointed out that there is a high likelihood of serious, persistent
and irreversible impacts if there is continuous increase in the magnitudes of warming
(IPCC, 2021).
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In a nutshell, the implication of continuous usage of conventional marine fuels such as
HFO, LSFO, and MDO/MGO would be an unceasing increase in concentration of
greenhouse gasses in the atmosphere, raising the magnitudes of radiative forcing that
will consequently result in rise in global temperature and incessant climate change,
whose impacts are critical and costly as well as difficult to reverse.

3.2

Overview of Conventional Fossil-Based Marine Fuels

Conventional fossil-based marine fuel can be categorized into residual marine fuels and
marine distillates (Vedachalam et al., 2022). The residual marine fuels are composed of
heavy residues from crude oil refining with very high viscosity and aromatic, while
distillate marine fuels are lighter, lower viscosity, less dense and paraffinic (Nordic
Council of Ministers, 2018; Vedachalam et al., 2022). The fuels chemical and physical
properties that include the pour point, the flash point as well as the composition (sulfur
contents, water, ash and carbon residue) determines the quality of the marine fuel.

Shipping is to facilitate trade, profit-oriented and is the dominant most energy efficient
mode of transport with respect to cargo transportation per kilometer (IEA, 2021). As
shown in figure 3.2, HFO still remains the dominant fuel consumed, claiming 50% of total
fuel consumption by ships in 2020 (Statista 2021a), while together with the other fossilbased marine fuels (LSHFO, MDO/MGO and LNG) account for about 99% of shipping
energy demand (International Renewable Energy Agency (IRENA), 2021).

In this study, the conventional marine fuels considered are two residual fuels: Heavy
Fuel Oil (HFO) and Low-Sulfur Fuel Oil (LSFO); and one class of distillate: Marine Diesel
Oil (MDO)/Marine Gas Oil (MGO).
a) Heavy Fuel Oil (HFO)
The most commonly used marine fuel is the Heavy Fuel Oil (HFO), also called residual
fuels or heavy diesel oil, it is cheap, readily available and regarded as dirty due to its
high sulfur content (Corbin et al., 2018; Nordic Council of Ministers, 2018; Yan et al.,
2021; Vedachalam et al., 2022). This conventional fuel when combusted in ships ICE or
diesel engines (DE) for propulsion, it releases harmful pollutants such as SOx, (which is
a product of oxidation of the fuels´ sulfur), NOx, Particulate Matter (PM) and CO 2 (ABS,
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2021; Anwar et al., 2020; Krantz et al., 2022). The Particulate Matter (PM) released from
combustion of HFO in marine engines contains toxic metals like Vanadium (V), Nickel
(Ni) and other metals which are harmful to human health (Corbin et al., 2018).

The utilization of HFO by ships has led to harmful effects on human health and the
environment via contribution to ocean acidification, global warming and increasing
morbidity and mortality rates (Abdul Jameel et al., 2019; Corbin et al., 2018). A study
submitted by Finland to IMO´s Marine Environment Protection Committee (MEPC) in
2016 estimated that global premature deaths can be increased by 570,000 from 2020 –
2025 if the SOx emission from shipping remains in a business-as-usual mode from 2020
(IMO, 2020b).

In addition, HFO is highly viscous, has high pour point and forms persistent water-in-oil
mixtures which make it a serious threat to the marine environment as well as the
economy and the society when spilled (Nordic Council of Ministers, 2018). The
contamination of the environment by this oil can persist for several years post spill
(Kingston, 2002), disrupting the ecosystem goods and services, impacting negatively on
the people's livelihood and creating huge economic complications (for response, cleanup and remediation).

Nonetheless, aside the high sulfur contents, HFO contains Vanadium, Nickel, Sodium,
Silicon which have serious abrasive effects on engines´ pistons, cause corrosion and
tough to remove; high water content of HFO creates efficiency loss, heat transfer rate
loss and cylinder wears; also, HFO has other properties, like the high density (implying
heavier, higher carbon content and form sludge); and high viscosity (implying the need
to maintain it at a temperature range for ease of pumping and efficient combustion)
(Foretich et al., 2021; Nordic Council of Ministers, 2018; Vedachalam et al., 2022).

b) Low Sulfur Heavy Fuel Oil (LSHFO)
The adoption of IMO Regulations in the wake of negative externalities from global
shipping necessitated the need for residual fuel with low sulfur content post January
2020, whose usage is aiding the phasing out of HFO in the short-term (Vedachalam et
al., 2022; Xu et al., 2015). Low Sulfur Heavy Fuel Oil (LSFO) is considered cleaner,
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lighter (low density), less viscous and more expensive than HFO (ABS, 2021; Wu & Lin,
2021). The higher cost price is an indication of increase in ships operating cost and the
lower sulfur content increases engine parts wear (Wu & Lin, 2021).
c) Marine Diesel Oil (MDO)/Marine Gas Oil (MGO)
The IMO Regulations requires that the sulfur content of marine fuels used must not
exceed 0.1%m/m in emission control areas (ECA) and 0.5%m/m outside emission
control areas, this was intended to cut down SOx emission from shipping by 77% (annual
reduction of 8.5million tons) (Li et al., 2021). In order to comply with the IMO
requirements on SOx emission, ships have to switch to marine fuels such as MDO or
MGO with lower Sulfur content. According to IMO/Statista 2020 global estimates on
marine fuel consumption by ships (see figure 3.2), the MDO/MGO constituted about 12%
of total marine fuel consumption for the year 2020. The MDO/MGO are more expensive
than the HFO/LSFO, and can be used singly or blend with the residual marine fuels
(HFO/LSFO) in a proportion that is environmentally safe and economically reasonable
(Corbett & Winebrake, 2008).

Figure 3.2: Annual Worldwide Fuel consumption by Ships from 2019 to 2020 using
fuel types (Statista, 2021a)
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Recognizing the environmental consequences of these dominant fossil-based marine
fuels as a source of pollution and GHGs emission, the IMO is intensifying efforts to put
in place Regulations to prevent and reduce the release of toxic pollutants into the marine
environment and the atmosphere. Some of the regulations adopted include:
1. Regulation 14 MARPOL Annex VI: setting SOx emission limits for ships in
emission control areas (ECAs) and outside ECAs.
2. Regulation 13 MARPOL Annex VI: setting NOx emission limits for marine diesel
engines.
3. Regulation 12 MARPOL Annex VI: prohibiting the emissions of ozone depleting
substances (ODS) from ships.
4. Regulation 15 MARPOL Annex VI: to control emissions of volatile organic
compounds (VOCs).
5. New Chapter IV MARPOL Annex VI: This new addition was the first mandatory
regulations in the shipping sector aimed at reducing the GHG emissions from
international shipping via energy efficiency measures, such as:
●

Energy Efficiency Design Index (EEDI) to cut down GHG emissions from
new ships;

●

Energy Efficiency eXisting ship Index (EEXI) and Carbon Intensity
Indicator (CII) coming into force on 1st January, 2023 – to reduce carbon
intensity from existing ships (Herdzik, 2021);

●

Shipboard Energy Efficiency Management Plan (SEEMP) – to improve
energy efficiency of ships through planning, implementation, monitoring
and evaluation for continuous improvement (Xu et al., 2015).

3.3

Overview of Alternative Marine Fuels

Significant reduction of shipping contribution to GHG emissions requires increasing the
energy efficiency of shipping and utilization of alternative cleaner fuels (Bengtsson et al.,
2012). The use of alternative marine fuels with less emission of CO2, NOx and SOx will
move shipping towards meeting its ambitious target of 40% CO2 emission reduction by
2030 and 70% reduction in the long term by year 2050 (IMO, 2018a). The alternative
fuels may be via liquid and gas fuels, electricity or renewable energy such as wind energy
and solar energy.
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The potential of the alternative marine fuels as future fuels for shipping requires adequate
consideration of their environmental, economic, social and technical performances
(Hansson et al., 2019). The following alternative fuels have been identified as potential
future marine fuels for shipping:
1. Liquefied Natural Gas (LNG)
2. Fossil-based Methanol
3. Bio-Methanol
4. Bio-Diesel, HVO, SVO
5. Bio-LNG or Liquefied Biogas
6. Hydrogen
7. Ammonia
8. Dimethyl Ether (DME)

3.3.1 Liquefied Natural Gas (LNG)
In order to achieve compliance with the IMO emissions Regulations, asides the utilization
of emissions abatement technologies such as scrubbers and the use of low sulfur fuel
such as MDO/MGO, another feasible option is the use of another fossil-based alternative
fuel like the Liquefied Natural Gas (LNG) that is cleaner and it has been in use for
decades as marine fuel (Tan et al., 2021). LNG contains mostly methane (CH4) and has
smaller carbon contents per unit of energy than the fore-mentioned conventional residual
and distillate marine fuels, thereby releasing less CO2, but concerns on emission of other
GHGs such as methane itself exists (International Council on Clean Transportation,
2020). Emissions of Methane (CH4) are second major driver of climate change and CH4
is considered a more potent GHG boasting a global warming potential (GWP) that is 2834 times that of CO2 using 100years perspective (Balcombe et al., 2018; Lindstad et al.,
2020; UNECE, 2012).

The adoption of fossil-fuel based LNG by ships will eliminate SOx emissions, lessen NOx
emissions and cut-down CO2 emission by 28%, which indicate that the use of LNG as
sole fuel for maritime transport is not enough to meet the IMO´s carbon intensity
reduction target of 40% by 2030 using 2008 as the baseline. Furthermore, in 2020, LNG
constituted about 6% of total marine fuel consumption, indicating gradual improvement
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in the uptake of LNG as marine fuel. Another positive for LNG as a potent alternative
marine fuel is its usage in an already developed dual-fuel gas injection marine engine,
which provides shipowners with the opportunity of shifting fuels (for instance; HFO to
LNG) to meet emission regulations and take advantage of price fluctuations and
availability (IEA, 2017).

3.3.2 Biofuels
Biofuels are another promising marine fuel option produced from a range of renewable
biomass that can assist in cutting down emissions from shipping and reduce high
dependence on conventional fossil fuels (Carvalho et al., 2021). Energy from biomass is
considered one of the earliest renewable energy sources and attractive due to its even
distribution geographically, while actually, in 1897, the first Rudolf´s Diesel engine used
peanut oil as fuel and boasted about 75% efficiency (Brownstein, 2015; Jeswani et al.,
2020).

The biomass feedstock for production of biofuels includes: residues from agriculture,
solid wastes from the municipal, waste oils, pulp and paper, and aquatic and land-based
energy crops. For example: Soybean oil and rapeseed oil are classically used for
production of biodiesel in the United States and EU, while palm oil is used for its
production in tropical nations like Nigeria, Malaysia, Indonesia and Thailand (Mohd Noor
et al., 2018).
Biofuels can be generally classified into: first generation, second generation and third
generation.
●

The first-generation biofuels are those whose biomass feedstock are agricultural
crops (such as grains, starch, and oil seeds) and animal fats. A critical issue
raised on the feasibility of the first generation is its effects on overall food
production as it can cause direct competition with respect to land usage for food
crops; and its production potential is limited (Bengtsson et al., 2012).

●

The second-generation biofuels biomass feedstock is from lignocellulosic
materials such as wastes generated from the municipal, industries, forestry
(Bengtsson et al., 2012). This class has potential to be produced at a large scale
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with no direct competition with food crops and can meet the present demands for
marine fuels and in the future (IEA, 2017).
●

The third-generation biofuels are produced from algal biomass, which is
considered less competitive with food production (Behera et al., 2015), for
example, biodiesel production from microalgae via transesterification (Jeswani et
al., 2020), and oleaginous micro-organisms, the techno-economic feasibility of
which is still not adequately understood (Leong et al., 2018).

Using different production methods, some varieties of biofuels have been developed as
potential alternative marine fuels. For instance, many studies showed that biodiesel,
especially Hydrotreated Vegetable Oil (HVO) is very promising because of its high
volumetric energy density and compatibility with the existing marine diesel engines. BioMethanol is also considered a feasible alternative to conventional marine fuels given its
availability, compatibility with existing engines with little or no modifications; Bio-LNG
could be a sustainable replacement for the present fossil-based LNG but the high cost
of production and the limited potential for reduction of GHG emission could hinder its
adoption.
Biofuel production is projected to increase by 28% in the next five years (IEA, 2019) and
can be used as stand-alone fuel in marine engines or use as a blend with HFO or any
other compatible fossil-based fuels (Tan et al., 2022), for example, fatty acid methyl ester
(FAME) is a biodiesel produced from vegetable oils, waste cooking oil which can be
blended effectively with distillate marine fuels at a 7% volume (DNV, 2020).
The positive consideration of biofuels in the future fuel mix dwell on its potential to
neutralize carbon using the entire life cycle, because it releases the same quantity of
CO2 absorbed for its growth (Bengtsson et al., 2012), and its environmental benefits from
reduction emission of pollutants such as SOx, PM, Polycyclic Aromatic Hydrocarbons
(PAHs), carbon monoxide (CO) (Demirbas, 2009; Kesieme et al., 2019; Mohd Noor et
al., 2018; Foretich et al., 2021) (see Table 2.2 for average emissions reduction potential
of biodiesel).
In addition, research confirmed the issue of increase in NOx emissions from the use of
biofuels (Lloyds Register, 2021), which study by Demirbas (2009) stated that the NOx
emissions increase with the concentration of biofuel (for instance: biodiesel) in the fuel
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blend, while also based its future adoption on competitive price and availability in
comparison with the conventional marine fuels (Tan et al., 2022). The United States (US)
via its Department of Energy (DOE) announced research funds to the tune of 61.4 million
US Dollars in 2021, to further research on biofuels as fuels to power ships towards
emissions reduction (GARD, 2022).
The potential of biofuels and other alternative marine fuels in transiting from the fossilbased marine fuels depends on the technical viability, economic competitiveness,
environmental suitability and wide availability of the fuels (Foretich et al., 2021; Global
Maritime Forum, 2022; Kesieme et al., 2019; Panoutsou et al., 2021). It is also a common
highlight of many literature and technical reports that the key benefits of biofuels as future
marine fuel lie in its renewability, low-sulfur content, better combustion efficiency,
biodegradability, higher cetane number and lesser aromatic substance.

Table 3.2: Average Emission Reduction Potential of Biofuel (Demirbas, 2009).
Emissions

100% Biodiesel

20% biodiesel in fossilbased diesel (80%)

SOx

-100

-20

Particulate Matter

-47

-12

NOx

+10

+2

Total Unburned

-67

-20

Carbon Monoxide

-48

-12

Polycyclic Aromatic

-80

-13

-50

-10

Hydrocarbons

Hydrocarbons (PAHs)
Ozone (for speciated
hydrocarbons)

Another strength of biofuels is the compatible properties with conventional fossil-based
marine fuels, which provides the maritime industry with an opportunity to blend biofuels
in some percentages with HFO and LSFO with the aim of reducing CO2 emission from
shipping, but most studies still consider low proportion of biofuels in the marine fuel blend
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(between 5% to 30%). Moreover, the reality of biofuels´ potential was tested by MaerskBritish Petroleum (bp) decarbonization trial (with Danish Maritime Authority’s support) in
2021, on MAERSK CIRRUS and MAERSK NAVIGATOR using bp´s B30 Fatty Acid
Methyl Ester (FAME) biofuel (indicating 30% of FAME) blended with 70% very LSFO,
the following are key points from the case:
●

Feedstock used: recycled cooking oils and oil sources that are renewable;

●

Physical properties: share similarities with the conventional fossil-based marine
diesel;

●

Chemical properties: it is biodegradable and non-toxic;

●

Trial route: the ships sailed from Rotterdam to West-Africa;

●

Performance and Reliability during trials: Enroute tests carried out during the
trials and no adverse problem was recorded on the bunker tanks, main engines
and other equipment/machineries

(British Petroleum, 2021).

The bp-maersk trial of B30 biofuel demonstrated the viability of biofuels as a sustainable
marine fuel suitable for use as ‘drop-in-fuel’, while study by Kesieme et al. 2019 also
confirm the suitability of biofuels for use with the existing fossil-based storage/distribution
system. Also, in Norway, many ferries run on HVO with no negative impacts reported
(DNV-GL, 2019).

A major barrier to the uptake of biofuels and most alternative fuels is the cost advantage
enjoy by the use of fossil-based marine fuels, especially the HFO, which underpin the
need for more innovative researches to come up with strategies to make biofuels cost
competitive and available in huge volume to meet the demand of the shipping industry.

3.4

The Need for Alternative Fuels for Maritime Transport

Shipping plays invaluable roles in maintaining global economy and trade, and will
continue to be essential in that regard (European Environment Agency, 2021) and it is
estimated that by the year 2050, fuel consumption by ships will rise by 43.5% even
considering best scenarios (Bilgili, 2021). Maritime transport utilizes mostly conventional
marine fuels, especially HFO, the combustion of which releases harmful pollutants and
GHGs into the atmosphere, which have negative impacts on human well-being, the
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marine ecosystem and the climate. Climate change is presently a critical risk faced by
the human race, the major driver of which has been attributed to the greenhouse effects
of some gasses such as CO2, Methane (CH4), Nitrous Oxide, SOx and fluorinated
gasses (Anderson et al., 2016; European Commission, 2021a). These GHGs form a
blanket around the sun, trap the heat from the sun and slow down the energy escape
rate into space, thereby causing global warming.

Having recognized the negative externalities in terms of socio-economic and
environmental impacts from burning the above mentioned conventional marine fuels, the
International Maritime Organization (IMO) identified the use of alternative cleaner marine
fuels as a key strategy to transit shipping towards annual GHG emission reduction target
of 50% by the year 2050 using 2008 as the baseline (Hansson et al., 2019; Kim et al.,
2020; Kramel et al., 2021). Burning alternative marine fuels such as LNG, biofuels,
hydrogen, ammonia, ethanol and methanol would emit less or no CO2 and other
environmental pollutants (Hansson et al., 2019; Kim et al., 2020).
The UN hinted that a temperature of 20C and above will cause loss of marine ecosystem
biodiversity such as death of coral reefs, impacting productivity and threatening food
security, it is also projected that in business-as-usual scenario, sea-level will rise to 3060(cm) by the year 2100 exposing most maritime nations and islands to risk of
destructions from flooding and heavy storms. Noting that anthropogenic GHG emission
is a major contributor to climate change and the 2015 Paris Agreement as well as the
United Nations UN) Sustainable Development Goal (SDG) 13 call for committed actions
from the global community in response to the glaring adverse effects of climate change.

In the light of this, it is required that GHG emissions from the transport sector reduce by
20% by the year 2030, in order to meet the global 2050 zero emission target (IEA, 2020).
Considering that shipping contributes about 3% in CO2, 11% in SOx and 15% in NOx to
global anthropogenic emissions in 2018, and the revelation of a projected rise in these
emissions from shipping up to 90% - 130% by 2050 using 2008 emissions baseline
according to the Fourth IMO Greenhouse Gas Study, forecasted based on many credible
economic and energy circumstances (IMO, 2020a), necessitated ambitious response
from the IMO, being the UN specialized Agency saddled with the responsibility for
ensuring safety and security of shipping as well as prevention of marine and atmospheric
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pollution from shipping to put in place regulatory frameworks and strategic measures to
cut down emission of greenhouse gasses from maritime transport sector in a continued
support towards achieving the SDG 13 (Kramel et al., 2021).

So, in a business-as-usual scenario, where fossil-based marine fuels such as HFO, still
dominate as the source of propulsion energy for shipping and harmful emissions are left
unabated, there is high risk of the global temperature exceeding the 20C safe net and
release of toxic pollutants into the atmosphere is prominent, which will intensify climate
change impacts such as global warming, sea level rise, ocean acidification; as well as
pollution of the maritime domain and the atmosphere (Anderson et al., 2016). In addition,
Diesel fuels have been classified as carcinogenic for humans by the International Agency
for Research on Cancer (IARC) (Oeder et al., 2015), hence, the need for response.

In the light of the grave consequences of burning fossil fuels (oil and gas, and coal),
which account for more than 75% of GHG emissions and about 90% of CO2 emissions
(United Nations, 2019), the IMO espoused an initial strategy towards reduction of GHG
emissions from ships in 2018 to show its commitment to decarbonizing the international
shipping. The objectives of the initial IMO GHG strategy are:

1. To enhance the contribution of IMO in the global fights against GHG emissions
by taking actions to address GHG emissions from international shipping.
2. To identify appropriate actions for the international maritime transport sector
given considerations to the impacts of the actions on States and global trade.
3. To identify measures and actions needed to ensure effective achievement of
objectives 1 and 2.
In line with these aforementioned objectives and the guiding principle, IMO identified
some

candidate

short-term,

medium-term

and

long-term

measures

towards

decarbonization of shipping. The short-term measures include: improvement on EEDI
and SEEMP Regulations; development of operational and technical energy efficiency for
old and new ships; optimization of speed; and incentivizing the uptake of greener
technologies. The possible medium-term measures include: adoption of ships'
operational energy efficiency measures; innovative emissions abatement measures
such as Market-Based Measures (MBM); development of programmes to promote
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effective uptake of alternative marine fuels with low or zero carbon emissions; enhanced
capacity building and technical cooperation programme. Lastly, the possible long-term
measures include: development/provision of cleaner marine fuels that is not petroleumbased; and facilitation of adoption of new emission abatement measures in general.
(IMO, 2018a).

Having identified the development/provision of alternative marine fuels that are carbon
free or with less carbon as a long-term candidate measure to drive shipping towards
reaching its emissions targets (International Council on Clean Transportation, 2020b),
research on cleaner marine fuels options need to be intensified with appropriate
consideration for the socio-economic and environmental impacts. Many studies
confirmed that the use of fossil-free or less/zero carbon marine fuels will reduce the
emissions of greenhouse gasses and other pollutants into the atmosphere, which will inturn mitigate climate change impacts and boost the global efforts towards lessening of
greenhouse gas effects (Foretich et al., 2021). In this regard, some alternative marine
fuels such as LNG, Biodiesel, Bio-methanol (from biomass), Bio-LNG, fossil-based
methanol, ethanol, Dimethyl Ether, Hydrogen, Ammonia and Liquefied Petroleum Gas
(LPG) are needed to lessen the climate and environmental impacts of shipping (DNV,
2018; Hansson et al., 2019). For effective shift to biofuels in the nearest future, two
pathways have been identified and are as follows (Bengtsson et al., 2012):
a) Transition from HFO to MDO/MGO and gradual shift to biofuels, which this
study covers.
b) Transition from LNG to biogas or bio-LNG.

3.5

Findings from the Literature Review

1. All the literature reviewed highlighted the critical role of shipping to global
economic development, as trade enabling medium and key to globalization.
2. The dominance of Heavy Fuel Oil (HFO) and other fossil-based marine fuels such
as (LSFO, MDO/MGO) is quoted by the literature.
3. The growing global concerns on the negative externalities of using fossil-based
fuels for transportation (including maritime transport), heating, industrial uses and
electricity.

27

4. Combustion of HFO, LSFO, MDO/MGO in marine engines releases harmful SOx,
NOx, PM and GHG emissions into the atmosphere, which have negative impacts
on the environment and human health, and contributes to global negative
externalities from harmful emissions.
5. Conventional marine fuels are presently cheaper than biofuels and all the
alternative fuels (presently regarded as alternative cleaner fuels) and widely
available to meet the demand from shipping.
6. Both peer-reviewed and grey literatures pinpointed the efforts of the IMO via
adoption of Regulations to cut-down harmful emissions from shipping, the
MARPOL Annex VI, while also highlighted the commitments of the IMO to the
international community shown through the adoption of Initial IMO GHG Strategy.
7. All relevant literature studied echoed the need for alternative cleaner fuels such
as LNG, Biofuels, Methanol, Ammonia and Hydrogen to transit shipping to low or
zero carbon emission sector.
8. Literature touted biofuels as cleaner alternative fuels whose utilization as marine
fuel would aid the substantial cutting down of SOx and PM emissions from
shipping, and has potential for GHG emissions reduction under the Life Cycle
Assessment (LCA) scenarios.
9. Several literature raised concerns on the increase of NOx emission from burning
biofuels (especially biodiesel, HVO and SVO) in marine engines, while some
literatures agreed on the insignificance of the NOx increment and highlighted it
increases with increase in concentration of biodiesel in the fuel blend.
10. The current blends of biofuels in different percentages (5%, 7%, 10%, 20% and
30% of biofuels) in conventional marine fuels is clearly highlighted in literature.
11. The literature concurred on the barriers hindering the wide uptake of biofuels to
include: higher cost of biofuels; non-availability in commercial quantities to
effectively compete with the dominant HFO; and the direct competition with food
resources and other use of land.
12. The need for funding to further research and development (R&D) of biofuels are
highlighted in literature to provide needed inputs to remove the aforementioned
barriers.
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4.0 COMPARATIVE ASSESSMENT OF CONVENTIONAL
MARINE FUELS AND BIOFUELS
This chapter entails the comparison of the conventional fossil-based marine fuels (HFO,
MDO, LNG) and biofuels (Biodiesel, HVO, SVO, and Bio-Methanol) using SWOT
analysis to highlight the strengths, weaknesses, opportunities and threats of
conventional fossil-based fuels: HFO, MDO/MGO, and biofuels based on the technical
factors, social factors, economic factors and environmental factors using views in
literatures, as well as technical reports of international and supranational organizations.
In addition, it also entails the use of sustainable business model CANVAS to provide
insights into the social, economic and environmental impacts of using biofuels as marine
fuels for better decision making in the selection of future alternative marine fuels.

Techno-economic assessment of
fossil-based marine fuels using
SWOT
Environmental assessment of fossilbased marine fuels using SWOT
4.1

5.0
Social assessment of fossil-based
marine fuels using SWOT

Comparative
Assessment
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4.2
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biofuels as marine fuel using SWOT
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Figure 4.1: Workflow for
Chapter 4.0

4.1

SWOT Analysis of Fossil-Based Marine Fuels

To critically assess the techno-economic, social and environmental impacts of fossilbased marine fuels and the biofuels, the following criteria (as illustrated in figure 4.2) are
considered for the SWOT Analysis.

Marine
Fuels
(Fossil-Based vs
Biofuels)

Techno-economic
Factors:
 Physical & chemical







properties
(energy
density, flash point, cold
weather properties etc.).
Availability
of
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Availability and reliable
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Engine compatibility

Environmental
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 Emissions

Social Factors:
 Job

 Climate

opportunities &
wealth creation.
 Impacts
on
human health.
 Safety of usage.

change

 Impacts
spillage

of

Figure 4.2: Illustrative Diagram of Criteria Used for Comparative
Assessment
4.1.1 Techno-Economic Assessment of Conventional Fossil-Based
Marine Fuels Using SWOT Analysis
Generally, the primary source of energy for the maritime transport is fossil fuel and the
most commonly used among the fossil-based fuel is the HFO. HFO is produced via a
refining process where crude oil is being split into heavy residuals (bitumen and fuel oil),
and light distillates (gasoline, diesel, naphtha).
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Fuel oil as residual marine fuel is divided into two classes based on the sulfur content of
the fuel:
●

High Sulfur Fuel Oil (for example: HFO) with sulfur content that is equal or higher
1%m/m;

●

Low Sulfur Fuel Oil (for example: LSFO) with sulfur content that is less than
1%m/m.

The distillates such as MDO/MGO are produced from further distillation of the crude oil
into lighter fractions.

The raw material for HFO, LSFO and MDO/MGO is crude oil, which is detected through
rigorous exploratory processes such as seismic surveys and exploratory drilling of
potential oil reserves, passed through production processes to remove water and other
impurities, and undergo refining processes to produce different petroleum products such
as HFO, LSFO, MDO/MGO, Gasoline, Naphtha and Kerosene. It is important to highlight
that the crude oil, which is the feedstock for production of HFO, LSFO and MDO/MGO
is not available everywhere, but the technology for production is advanced, making it an
essential national economic commodity (Zheng & Du, 2019) that plays significant role as
a source of energy and trade.

The transportability of crude oil majorly through ships and pipelines makes it a desirable
product anywhere all over the world, which any country with oil production facility can
access and produce into different fractions of petroleum products for its energy demand
and other commercial uses. HFO is the residual product in the refining process, which
makes it the cheapest of all existing marine fuels (Nordic Council of Ministers, 2018).
The gap in average global bunker price is exemplified as HFO is 614USD per metric
tonne, very LSFO is 886USD per metric tonne and MGO is 1208USD per metric tonne,
while LNG is at 2621USD per metric tonne as at 5th August, 2022 (shipandbunker, 2022).

The physical and chemical properties of marine fuels are also critical when analyzing the
viability of the fuels as some requires additional processes and costs, for instance: the
HFO is highly viscous and dense, making it difficult to use without preheating to about
2600C (5000F) (Speight, 2011), this implies additional problem and cost with respect to
heating; HFO also contains huge amount of impurities leading to formation of sludge in
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bunker tanks, which settle as a thick layer at the bottom of the tank and also sticks the
inner surface of heat transfer pipes, requiring additional cost for desludging of the tanks
and pipes, also, the high quantity of sulfur, vanadium, silicon, sodium, nickel in HFO
cause abrasion and corrosion of the engines liner and piston surfaces (Anish, 2019;
Foretich et al., 2021), leading to high maintenance cost.
Another important parameter is the energy density of marine fuels, which is essential in
determining the applicability of a particular fuel to a specific ship type or operation and it
is widely expressed as volumetric energy density and gravimetric energy density (DNVGL, 2019). The volumetric energy density of fuel refers to the amount of energy a fuel
contains per volume measured in MJ/L (megajoules/liter) and Wh/L (watt-hour per liter),
while the gravimetric energy density of a fuel refers to the amount of energy (in MJ or
Wh) a fuel contains per unit mass (in kilogram (kg)).
According to Statista´s 2020 marine fuel energy density chart, Marine Diesel Oil (MDO)
has the highest energy density with a value of 36MJ/L; followed by Biodiesel
(Hydrotreated Vegetable Oil (HVO)) at 34.45MJ/L; HFO boasts 33.4MJ/L; Biodiesel –
Fatty Acid Methyl Ester (FAME) with 32.7MJ/L, LNG at 21.2MJ/L and Methanol with
16.05MJ/L. This fuel property affects the space allocation for bunker fuel on the ship, for
instance: MDO with high energy density of 36MJ/L requires less space than LNG with
about 40% lesser energy density in comparison with MDO (DNV-GL, 2019).

Figure 4.3: Energy densities of different fuels and the impact of energy density on
storage systems (DNV-GL, 2019).
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Figure 4.4: Energy Densities of Marine Fuels (Statista, 2021b).

Recognizing the existing inertia of the shipping industry to change from the cheap and
widely available HFO, the blending-ability of HFO with other low-sulfur marine fuels
provides the industry with gradual transition to alternative fuel-mix with low emissions,
for instance: a fuel-blend containing 20% HFO and 80% biodiesel (given higher
proportion to cleaner renewable fuels) will bolster the production of biofuels; reduce the
stress on oil and gas reservoirs (prolonging the end-life of the reservoirs); and reduce
the anthropogenic pressure on the marine environment and the general environment
from oil exploration, exploitation and production. Under the life-cycle emission reduction
perspective, fossil-based fuels such as HFO producers can benefit from emission
reduction during the production phase by adopting some responsible and cleaner
production process such as Carbon-Capture and Sequestration (CCS) which can be a
source of incentives from the Government, which will also benefit the environment.
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On the other hand, stricter regulations on the use of HFO and other fossil-based marine
fuels by the IMO would threaten their dominance in shipping and pave the way for
cleaner alternative fuels that are technically and economically feasible in terms of cost
competitiveness, emissions reduction potential and energy efficiency.

Table 4.1: Techno-Economic Assessment of Fossil-Based Marine Fuels Using
SWOT Analysis
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4.1.2 Assessment of Environmental Concerns of Fossil-Based Marine
Fuel Using SWOT Analysis
The growing concern on the negative externalities from shipping operations including the
impacts on the environment prompted the response of the IMO in regulating harmful
emissions and discharge of dangerous substances into the sea.
One of the major issues on the use of fossil-based marine fuel which presently dominates
the maritime transport sector is the environmental impacts of the emissions from the
combustion of HFO, LSFO and MDO/MGO as a result of high sulfur contents of the fuels
and the combustion process. The combustion of fossil-based marine fuels in marine
engines releases SOx, NOx, CO2 and Particulate Matter into the atmosphere, which are
dangerous to the environment, causing ocean acidification, eutrophication, smog
formation and contributing to global warming (Hannun & Abdul Razzaq, 2022; IMO,
2020b). Although, the contribution of shipping to global GHG emission is minor in
proportion at about 2.9% but it is forecasted that in the best of scenarios, ship fuel
consumption will rise by about 43.5% by the year 2050 and rise in population, which
implies that if the emission from shipping is not regulated, there would be higher
contribution to global GHG and other harmful emissions with greater consequences on
the environment, human health and climate (Bilgili, 2021).
For critical assessment of environmental impacts of marine fuels, it is essential that the
life cycle of the fossil-based marine fuel from raw materials exploitation, fuel production,
transportation and combustion in marine engines is considered for absolute
determination of the impact, this will enable absolute accounting of the emissions from
the various operations and evaluation of their impacts on the environment, while also
ensure accurate comparison with other alternative fuels (Foretich et al., 2021; Liquid
Wind, 2022).

Production
Exploration for crude
oil,
Exploitation,
Production
of
residual fuels and
distillates

Distribution
Distribution
of
crude oil and
refined products
via ships and
pipelines.
Bunkering

Figure: 4.5: Fossil-Based Marine Fuels Life-Cycle
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Operations
Usage onboard
ships
for
propulsion

For instance, the search for oil (exploration) involves seismic surveying using
machineries such as survey boats (deep sea exploration) which in one way or the other
release some harmful pollutants such as SOx, NOx and CO2 and disturb the balance of
the marine ecosystem (noises, vibrations) during the exploration process.

However, the utilization phase of marine fuels for ship propulsion has been identified by
Life-Cycle Assessment (LCA) studies as the stage with the most adverse effect on the
environment (Al-Enazi et al., 2021) as studies claimed that about 80% of the emissions
from fossil-based marine fuel is during the combustion in engines for ship propulsion
(tank-to-wake stage), that is the operations phase (see figure 4.3) (Liquid Wind, 2022).

Fossil-based marine fuels contain carbon, sulfur and other metals, which led to formation
of carbon-di-oxide (CO2), carbon monoxide (CO), methane (CH4) as well as sulfur oxides
(SOx) during combustion and include emission of Nitrogen oxides (NOx) which is a
product of reaction between Nitrogen and Oxygen in internal combustion engines at high
temperatures (Bilgili, 2021; Kesieme et al., 2019).

From this operations phase,

combustion of HFO and other fossil-based marine fuels (LSFO, Very LSFO and Ultra
LSFO) by ships contribute 13-15% of global SOx emissions, 12-13% of global NOx
emissions and 2.4% global CO2 emissions as at 2014 (Bilgili, 2021).

Emission of these pollutants from shipping have severe impacts on the environment,
SOx causing acid rain (acidifying seas, oceans and internal waters, thereby making it
inhabitable for marine organisms) and slog formation, NOx contributing to ocean
acidification and CO2 causing global warming and other climate change effects. The
effects of GHG emissions on the climate is a major threat to achieving sustainable
environment via global warming and consequent severe weather crisis such as flood,
hurricanes, sea-level rise, typhoons, heavy storms and cyclones, menacing man´s
existence, disrupting the marine ecosystem´s biodiversity and destroying properties.
Nonetheless, the sulfur content of marine fuels increases the lubricating properties of
HFO, LSFO when used in marine engines, the less of which will lower the reliability of
marine engines (IEA, 2017).

The glaring effects of anthropogenic emissions on the climate prompted the global
climate action, commitment to protection of life below water, drive towards affordable
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and clean energy, and promotion of responsible consumption and production
through sustainable development goals (SDG) 13, 14, 7 and 12 respectively. Being the
United Agency saddled with the responsibility of regulating shipping, the IMO adopted
some mandatory energy efficiency measures (MARPOL Annex chapter 4) to reduce the
carbon intensity of maritime transport, geared towards reduction of CO2 emissions per
transport work, and Regulations under MARPOL Annex VI chapter 3 to reduce SOx,
NOx, PM, ODS emissions from shipping. The 2020 IMO Sulfur Regulation is viewed as
a measure that will benefit the environment in several ways as it will reduce SOx and PM
emission from shipping (Bilgili, 2021).

Previous studies by Bilgili, (2021) indicated that based on the entire LCA of global
warming potential (GWP) of fossil-based conventional marine fuels, the HFO has worst
environmental performance in the operational phase in comparison with LNG, MGO and
LSFO, while the ultra-low sulfur fuel oil (ULSFO) has the biggest global warming effects
during the production and distribution phase and produces more SOx emission than the
Heavy Fuel Oil in a LCA. Also, according to Ji & El-Halwagi, 2020, the very low sulfur
fuel oil produces the highest black carbon aerosol which contributes significantly to
global warming. It is also reported that the using LCA, the fossil-based fuels releases
about 85-90 gCO2eq/MJ.
Table 4.2: Assessment of Environmental Concerns of Conventional Fossil-Based
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For achieving sustainable environment that is habitable for human, and enhance
productivity and biodiversity of marine ecosystem, there exist pledged supports from the
public and private sectors to gradually transit from the dominant high-emissions prone
conventional fossil-based marine fuels (Foretich et al., 2021), this serves as opportunity
for the uptake of cleaner alternative fuels and threatens the dominance of fossil-based
marine fuels.

4.1.3 Assessment of Social Concerns on Conventional Fossil-Based
Marine Fuels (HFO, LSHFO)
It is no gainsay that the whole world is faced with climate change issues and the
unending burning of fossil fuels, whose continuous rise is observed by the International
Panel on Climate Change (IPCC) as threatening the goal of the 2015 Paris Agreement
to keep the earth's global temperature to below 20C (Olson & Lenzmann, 2016). The
advent of mineral resources like the oil and gas is expected to bolster the attainment of
the needs of the society, which it does in some nations but many of the oil producing
nations (especially the developing countries) shows very low economic growths (Olson
& Lenzmann, 2016). The cause of which is widely related to poor governance,
overdependence on oil and gas wealth (refusal to effectively diversify the economies, for
instance, the drop of Nigeria´s revenue from agriculture fell to 2% in 2009 from 70% in
1960 (Olson & Lenzmann, 2016) and unjust system.
Production of oil provides very small job opportunities for the locals in comparison with
the per unit capital of investment, and unfortunately in most developing nations like
Nigeria, Angola, the top technical jobs are sourced from foreign countries, the revenue
from oil are not distributed widely in the local society as compared to other revenue
sources like agriculture (Olson & Lenzmann, 2016). Many countries like Nigeria
experiences unrest in oil-producing states in the Niger Delta, leading to militancy against
the nation, many argued that it was due to poor infrastructural development, lack of basic
amenities, uneven wealth creation in the States, high unemployment rate and poor
response of government to oil spill incidents that destroys the locals´ means of livelihood
(Igbani et al., 2017).
Furthermore, when considering the sustainability of marine fuels, it is essential that the
safety of the use of the fuels as marine fuels is given utmost attention despite the
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economic importance of the resources in terms of job creation and energy production.
Conventional fossil-based marine fuels such as HFO are considered carcinogenic, toxic
(Foretich et al., 2021), and contain aromatic compounds (Polycyclic Aromatic
Hydrocarbons (PAHs) that have long-term effects (which includes: kidney damage,
cataracts and jaundice) on human health through exposure (Adesina et al., 2022). The
negative health impact of air pollutants resulting from the use of fossil-based marine fuels
such as HFO (such as SOx, NOx, and PM) on humans is a known fact and international
shipping is reported to have resulted into an estimated 50,000 premature death annually
in Europe (Ballini et al., 2017).

Recognizing the effects of harmful emissions like SOx, NOx and PM on human health,
the IMO adopted Regulations to reduce the sulfur content of marine fuels used onboard
vessels to minimum (0.5% for areas outside emission control areas (ECAs) and 0.1% for
areas within the emission control areas) and set emission standards for NOx, while
studies reported that the use of low-sulfur fuel oil can be costly but can benefit human
health to the tune of $105 million annually (Antturi et al., 2016; Bilgili, 2021).
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Table 4.3: SWOT Analysis of Social Concerns on The Use of Conventional FossilBased Marine Fuels
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et

4.2

SWOT Analysis of Biofuels as Marine Fuel

4.2.1 Techno-Economic Assessment of Biofuels as Marine Fuel Using
SWOT Analysis
Recognizing the impact of high SOx emissions from shipping as a result of the dominant
use of Heavy Fuel Oil, on January 1, 2020, the new IMO sulfur cap entered into force,
limiting the sulfur content of fuel oil utilized by vessels to 0.50% m/m while outside the
emission control areas (ECA) and 0.10% m/m in emission control areas for improvement
of air quality, protection of human health and preservation of the environment (Al-Enazi
et al., 2021; IMO, 2020b). The fore mentioned necessitated the consideration of the
following options:
1. Continuous usage of HFO with exhaust gas cleaning system (EGCS) or
scrubber;
2. Utilization of alternative marine fuels with low sulfur content (Very Low Sulfur Fuel
Oil (VLSFO); Marine Diesel Oil (MDO)/Marine Gas Oil (MGO); Liquefied Natural
Gas (LNG); Biofuels; Hydrogen; Methanol and others) (Al-Enazi et al., 2021)
subject to technical and economic feasibility of the options for the shipping
industry.
In the light of this, many countries like the European Union are considering several ways
of generating energy (worth) from wastes through the concept termed “circularity” by
shifting from economies that are linear to circular economies. The production of biodiesel
from waste oil is an example of a process that is making worth out of ‘waste cooking oil’
to generate energy, which will retain the value of cooking oil and reduce the pressure on
vital raw materials for its production (United Nations Environment, 2019).

In addition, the International Maritime Organization (IMO) reiterated the need for zerocarbon or low-carbon alternative fuels in achieving the ambitious GHG emission
reduction targets set in its initial IMO GHG strategy, which is further demonstrated by the
development of low-carbon Global Industry Alliance via the IMO-Norway project called
GreenVoyage 2050. Also, the fourth IMO GHG study forecasted that in the year 2050,
64% reduction in CO2 emission reduction from maritime transport would be achieved via
the use of low or zero-carbon alternative fuels (IMO, 2022).
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For holistic assessment of the viability of biofuels as new generation cleaner or lowcarbon marine fuel, the life-cycle approach to evaluating the potentials of biofuels based
on the production, availability, reliability, safety of usage, emissions and other
sustainability factors is critical. Biodiesel, Hydrotreated Vegetable Oil (HVO), Biomethanol, Straight Vegetable Oil (SVO) and Bio-LNG are amongst the promising
alternative marine fuels, with the HVO, Biodiesel and Bio-LNG are potential direct
replacement for residual fuels (HFO, LSFO), distillate fuels and LNG (Kesieme et al.,
2019). These fore-mentioned biofuels are sulfur free, boasting great potential for
compliance with SOx emission Regulation. (Foretich et al., 2021; Kesieme et al., 2019).

Furthermore, biofuels are one of the alternative marine fuels being studied for technical,
economic, social and environmental feasibilities to shift away from the conventional
fossil-based marine fuels due to having lower GHG emission under the LCA scenario
and high energy density (for instance, Biodiesel – Fatty Acid Methyl Ester (FAME) has
energy density of 32.7MJ/L, and Hydrotreated Vegetable Oil (HVO) has energy density
of 34.45MJ/L higher than the energy density of the dominant marine fuel HFO (at
33.4MJ/L)) (see figure 4.2) (Statista 2021a).

Being a bio-based fuel, the raw materials from which the biofuels are produced from are
diverse and widely distributed, the feedstocks can be agricultural crops (such as grains,
starch, and oil seeds) (Bengtsson et al., 2012); and animal fats; lignocellulosic materials
(such as wastes from municipals, industries) (Bengtsson et al., 2012); and algal biomass
(such as microalgae trans-esterification to produce biodiesel (Jeswani et al., 2020). One
of the key barriers faced by commercial production of bio-based fuels is the effect of the
food-based feedstocks on food security as it provides direct competition with food
resources with respect to land-use and food demands by the people (Bengtsson et al.,
2012; Kesieme et al., 2019), threatening the sustainability, however, there is high
potential from the third-generation biofuels´ feedstock (algal biomass) which is claimed
to have less competition with food production (Behera et al., 2015).

Another major economic barrier to viability of biofuels as marine fuel is the availability of
the fuel in commercial volume to meet the ships fuel oil consumption demand of more
than 200million metric tons on annual basis (see figure 2.2) (Statista, 2021a), whereas
in 2020, the common HVO boasted a worldwide production volume of 6.6 – 7.7 million
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tons (Foretich et al., 2021). Also, dedicated bunkering infrastructure for HVO, biodiesel
and other biofuels are presently not available in most Ports (Foretich et al., 2021).

Moreover, considering some properties of some biofuels such as Straight Vegetable Oil
(SVO), Hydrotreated Vegetable Oil (HVO) and biodiesel, that have high cetane number
(indicating the speed of combustion of diesel fuels, boasting a CII (calculated ignition
index) of 30, greater than that of HFO), high energy content and molecular structure,
these are outstanding properties of fuels suitable for low-to-medium speed marine diesel
engines operations, which makes biofuels compatible for use in existing marine diesel
engines, but due to slight differences in chemical and physical properties of biofuels in
comparison with the present dominant fossil-based marine fuels (HFO, LSFO,
MDO/MGO), for instance, the calorific heat values of biofuels like the biodiesel (rapeseed
biodiesel at 39MJ/kg) and SVO are smaller than those of fossil-based marine fuels (for
instance HFO:ISO 8127 at 40MJ/kg) due to presence of atoms of oxygen in the biofuels,
making minor modification of the engine´s injection system necessary for optimum
operations (Kesieme et al., 2019).

Another key technical factor in assessing the viability of a marine fuel is the flash point
of the fuel, which is an indicator of the explosion potential of a particular fuel and safety
of usage on board without risk of fire and explosion, in this regard, the biodiesel and SVO
have a flash point higher than the IMO limit of 60oC minimum for marine fuels and greater
than the conventional fossil-based marine fuels (Foretich et al., 2021; Kesieme et al.,
2019), making them safer to use on-board.

Additionally, due to its complementary properties, biofuels such as biodiesel, HVO and
SVO can blend effectively with other marine fuels (Foretich et al., 2021; Hoang & Pham,
2018), boosting the potential for wider uptake of biofuels as stand-alone fuels or as a
blend in conventional fossil-based fuel.

Nonetheless, the behavior of bio-based fuels such as biodiesel in cold weather is not
favorable due to its cold flow characteristic which makes it gel or freeze and making
pumping it difficult from the bunker tanks while also clogging filters, thereby increasing
the maintenance cost of the engines, and necessitating blending with lighter diesel
grades for better cold flow (Kesieme et al., 2019; Theodora Tyrovola et al., 2017). The
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clogging effect is a weakness of biofuel traced to harmful impurities such as
phospholipids, free fatty acids and water in some biofuels which can damage engines,
the phospholipids in the oil polymerize under increased temperature to form deposits on
the wall of combustion chamber and cause clogging of injectors (Kesieme et al., 2019).

Using the economic assessment, the biomass feedstock cost accounts for 75% of the
total production cost of biodiesel, making the final product cost high and non-competitive
with fossil-based marine fuels (Kesieme et al., 2019). In this vein, the fuel price for
biofuels is higher than the conventional fossil-based marine fuels (Foretich et al., 2021),
for instance the bunker price for FAME biodiesel is 1,490USD per ton and Soy Methyl
Ester (SME) biodiesel is 1,880USD per ton as at 5th August, 2022 (see figure 4.6) (Neste,
2022), while the dominant HFO is 614USD per metric ton, implicating a major cost barrier
to overcome for its uptake.

Another important economic factor is the retrofit cost needed basically for the minor
modifications such as installation of special injector nozzles and glow plugs for optimum
operation with SVO, and tank cleaning is necessary for biodiesel, meanwhile there is no
retrofit cost for HVO because it has better cold weather performance (Foretich et al.,
2021). In addition, MAN B&W Diesel estimated roughly that the conversion of existing
marine diesel engines to use biofuels will cost less than 5 percent of the engine cost
(Kesieme et al., 2019).

The search for cleaner fuels opens up opportunities for research on sustainable
production of biofuels, with the aim of reducing the feedstock cost and direct competition
with food crops. This call for further scientific research on energy crops with low-cost of
production, higher productivity (better yield in a short period) and high energy content
per unit volume. However, the present dominance and low-bunker price of conventional
fossil-based marine fuels, and lack of international standards/specification (the available
specifications such as American Society for Testing and Materials (ASTM) D6751 and
European Standards (EN) 14214 are for biodiesel produced in the EU and United States
respectively) for biofuels would stand as threats to the uptake of biofuels to propel
shipping to low/zero-carbon emission.
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Figure 4.6: Fuel Price for Biodiesel (FAME and SME) (Neste, 2022).

Table 4.4: Techno-economic Assessment of Biofuels as Marine Fuel Using SWOT
Analysis
Strengths
●
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feedstock
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biodegradability.
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Kesieme
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4.2.2 Assessment of Environmental Concerns on Biofuels as Marine Fuel
Using SWOT Analysis
The growing importance of ‘sustainability’ in striking balance between developments and
preservation of the environment is a major driver for transiting from the conventional
fossil-based marine fuels to cleaner alternative fuels with less negative externalities on
the environment. In considering biofuels as environmentally sustainable marine fuels, it
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et

must reduce emissions during combustion and the entire life-cycle including extraction
of raw materials, to production and distribution stage.

According to studies, the use of biofuels is touted to reduce SOx, CO2, CO and PM
emissions but causes about 10% increase in NOx emissions (Kesieme et al., 2019; Mohd
Noor et al., 2018; Foretich et al., 2021). The increment in NOx emission was argued by
researchers as dependent on the engine load (Kesieme et al., 2019) and other factors
such as the feedstock (for example soybean, rapeseed produces largest increase in NOx
emission) (DieselNet, 2017). Aside from the reduction of these aforementioned regulated
emissions, another strength of using biofuel is the reduction of emissions of polycyclic
aromatic hydrocarbons (PAHs) and sulfates (Kesieme et al., 2019). This emission
reduction attribute of biofuels lessens the negative externalities (such as acid rain and
global warming) on the environment.

Additionally, the use of biofuels such as biodiesel as alternative fuel in marine engines
is alleged to result in low CO2 emission as a result of its lower Hydrogen (H2) to Carbon
(C) ratio (Foretich et al., 2021; Lin & Lin, 2007; Mohd Noor et al., 2018), which depends
on the feedstock used and the process of production. But, in contradiction, a study by
Roskilly et al. (2008) highlighted a slight increment in CO2 emission using biodiesel in
marine engines. Nonetheless, biofuel such as biodiesel is considered having ‘zero netcarbon emissions’ as the CO2 emitted during combustion is considered balanced with
the CO2 absorption through photosynthesis by the plants (feedstock cultivation)
(Foretich et al., 2021; Kesieme et al., 2019; Mohd Noor et al., 2018), this also entails
taking into account environmentally sound agricultural practices and transportation
optimization during the feedstock cultivation process. In a nutshell, GHG reduction of
20% - 90% is reported typically for different categories of biofuels in a lifecycle scenario,
the level of reduction is dependent on the feedstock used and the production methods
adopted (DNV-GL, 2019).

Moreover, in the event of spillage of biofuels during loading, transferring, bunkering or
accidental discharge, biofuels (such as SVO, HVO and biodiesel) are non-toxic and
degrade at faster rate than marine diesel (Foretich et al., 2021; Kesieme et al., 2019).
This ensures the marine ecosystems are not destroyed as faced during spillage of fossilbased marine fuels. However, biofuels are highly soluble with other oils, which when in
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contact with aquatic birds and other marine organisms with fur and feathers during spill
will impacts their insulation properties and foraging actions (Kass et al., 2021).

Table 4.5: Assessment of Environmental Concerns of Biofuels as Marine Fuels
Using SWOT Analysis.
Strengths
●

Authors

Weaknesses
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●
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●
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Mohd
et
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of
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production.
●
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international
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for

environmental sustainability and social
responsibility in energy production.
●

Certification of Standards for production
and products specification.

4.2.3 Assessment of Social Concerns on Biofuels as Marine Fuel Using
SWOT Analysis
Biofuels are biological-based fuels that are considered renewable, biodegradable and
non-toxic with the potential to support the transition of the shipping industry from fossilbased marine fuels. Due to the growing global consciousness on the negative
externalities from anthropogenic emissions from shipping and other sources of harmful
emissions, the choice of alternative fuels for shipping must be environmentally
sustainable and socially responsible.

Noting the aforementioned and the environmental benefits of using biofuels in terms of
emissions, the sustainable production of biofuels requires different kinds of feedstocks,
out of which some competes directly with the food crops (for example soybean, rapeseed
and vegetable oil used for production of HVO and biodiesel), which implies that increase
volume of production via these crops can lead to food shortage for human consumption
(Bengtsson et al., 2012).
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In addition, cultivation of plant-based feedstock for biofuels at a scale that would meet
the bunker fuel demand of shipping provides the locals with job and wealth creation
opportunities in all the chains of biofuel production and utilization as marine fuel, for
instance: farmers’ diversification into cultivation of energy crops and agroforestry wastes
processing; production and marketing of biofuels by companies; and researching on
sustainable biomass production technologies (ETIP Bioenergy, 2014). Also, there is
benefit of diversity in biomass feedstocks (raw materials for production) as they can be
from energy crops (non-food), lignocellulosic materials, waste oils and algae, this will
reduce the risk of overdependence on a single resource, which could lead to scarcity
and price instability (Foretich et al., 2021).

However, the land usage rights can threaten the accessibility to lands for cultivation of
biomass feedstocks and could cause conflicts among locals, it is therefore necessary to
understand the trade-offs between the benefits and costs (positive and negative
externalities) for striking a balance between development and sustainability.
Table 4.6: Assessment of Social Issues on Biofuels as Marine Fuel Using SWOT
Analysis
Strengths
●
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(ETIP
Bioenergy,
2009)

Opportunities
●

Authors

Threats

Development of bioeconomy locally (Foretich et ●
al., 2021)

and regionally.

Authors

Direct and indirect competition with
food

resources,

threatening

food

security and other land uses
●

Lessen the reliance of nations on
fossil-based marine fuels.

●

Funding

and

investment

opportunities to transit away from
conventional fossil-based marine
fuels.
●

Transformation of wastes to wealth
and promotion of circularity.

●
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Bioenergy,
2009)

4.3

Assessment of Biofuels Viability as Marine Fuel Using
Sustainable Business Model CANVAS

The depletion of global petroleum reservoirs and the stringent international Regulations
discouraging the use of fossil-based marine fuels to their negative externalities on
human, environment and climate, is making the search for viable alternative fuels critical
for the transportation sector (Demirbas, 2009). Biofuels are considered as potential
cleaner options for ship propulsion and this section is designed to provide insights into
the sustainability of using biofuels as marine fuel using the Sustainable Business Model
CANVAS (SBMC).

The SBMC is adopted for this study to underline the importance of the three elements of
sustainability (economics, social, and environmental) in assessing the viability of biofuels
as the fuel that will propel shipping into low/zero carbon emission future, which is in
consonance with the Oxford Economics’ Global Sustainability Model.
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4.3.1 Impacts of Biofuels on Economic Sustainability
Biofuels are renewable energy resources produced from biological-based feedstocks
and the potential for production is available globally. Also, the use of waste cooking oil
in the production of biofuel such as biodiesel comes with benefits as the waste oil is
transformed to energy (wealth), thus, boosting the circularity of essential resources. To
assess the economic benefits/impacts of biofuels as marine fuel, the total impacts (direct,
indirect and induced impacts) (Oxford Economics, 2021) from cultivation, production,
storage and distribution, as well as usage on board ships are considered. Production of
biofuels come with several economic benefits which include the following as illustrated
in table 4.7.

Table 4.7: Impacts of Biofuels on Economic Sustainability
Economic Impacts
1.

Direct Impacts

●

Relevant SDGs

Provision of job opportunities from cultivation,
harvesting, storage and distribution of energy crops
used in the production of biofuels, with the potential
of boosting the employment rate of nationals of both
developed,

developing

and

underdeveloped

countries.
●

Opportunities
agricultural

for
and

economic

diversification,

manufacturing

industries

development (Demirbas, 2009)
●

Creation of several business opportunities, boosting
nation’s revenue via taxation of employers and
employees

2.

Indirect Impacts

●

Employment opportunities from support services in
the biofuels supply chain networks (warehousing,
waste management, bunkering, transportation,
technologies).

●

Funding opportunities from international and supranational organizations such as IMO, UNEP and EU
to advance research and capacity building, saving
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the developing nations cost to develop capacity
towards decarbonization of their shipping sector.
3.

Induced Impacts ●

Competition among biofuels producers, which will
boost production and potential bunker price for
biofuels.

●

Improved quality of life from creation of several jobs,
which consequently improves sales of commodities,
as more people have the means to buy essential
commodities, thereby improving the GDP and tax
revenues (Oxford Economics, 2021).

The aforementioned economic benefits/impacts of using biofuels as marine fuels in the
table above establish how the bio-based fuel industry can make important economic
contributions to all nations through the feedstock market, fuel market, manufacturing and
other related services. Additionally, these economic impacts are in line with the UN SDG
8 (Decent Work and Economic Growth); SDG 9 (Industry Innovation and Infrastructure);
SDG 12 (Responsible Consumption and Production) and SDG 17 (Partnership for the
Goals).

Note: These economic benefits are subject to production of biofuels at a price that are
competitive with the conventional fossil-based marine fuel (affordability), at a volume that
can contribute significantly to marine fuel demand of shipping (availability), improved
market presence and supporting international Regulations (boosting the adoption).

4.3.2 Impacts of Biofuels on Environmental Sustainability
To achieve sustainable maritime transportation, the release of pollutants (such as SOx,
NOx and PM) and other harmful emissions (such as GHGs) from ships engines must be
addressed, as these pollutants have negative impacts on health, the marine ecosystem
and marine biodiversity. Moreover, literature affirmed the environmental credits of using
bio-based fuels for marine engines in reducing the harmful emissions and pollutants
(Kesieme et al., 2019; Mohd Noor et al., 2018; Foretich et al., 2021).
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The environmental footprints of biofuels can be analyzed in accordance with Oxford's
sustainability business model which lay emphasis on the impacts (emissions and
pollutions) of a business cycle on environmental sustainability in terms of resources and
energy usage. The main resource for biofuels production is biomass feedstock, which
requires huge hectares of land for cultivation, which consequently better the usage of
land and water resources. The feedstock serves as carbon sink, thereby helps in taking
CO2 emissions from the atmosphere, while the use of biofuels in ship engines also
lessens the release of harmful pollutants into the environment, boosting biofuels as fitting
the global drive towards reduction of GHG emission, improving the air and water quality,
benefiting the marine ecosystem and supporting marine biodiversity.

Furthermore, these environmental impacts will contribute to the achievement of United
Nations SDG 6 (Clean Water and Sanitation); SDG 7 (Affordable and Clean Energy);
SDG 13 (Climate Action); SDG 14 (Life Below Water); and SDG 15 (Life on Land).

Table 4.8: Impacts of Biofuels on Achieving Environmental Sustainability
Environmental Impacts
●

Relevant UN SDGs

Reduction of GHG emissions, thereby mitigating
climate change impacts.

●

Reduction in release harmful pollutants (SOx,
PM)

●

Improvement of atmospheric air and water
qualities.

4.3.3 Impacts of Biofuels on Social Sustainability
The social impacts of using biofuels as marine fuel can be closely-linked to the economic
and environmental benefits. The potential economic footprints of producing or using
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biofuel as marine fuel (as encapsulated in table 4.7) will improve the quality of life of the
people and aid societal development.

Moreover, the environmental benefits as encapsulated in table 4.8 will improve the health
of coastal dwellers and the marine ecosystem, which will in-turn increase the ecosystem
productivity. Nonetheless, these social impacts are in tandem with the UN SDG 1 (No
Poverty); SDG 2 (Zero Hunger); SDG 3 (Good Health and Well-Being); SDG 4 (Quality
Education); SDG 11 (Sustainable Cities and Communities) and SDG 16: (Peace, Justice
and Strong Institutions).

Table 4.9: Impacts of Biofuels on Social Sustainability
Social Impacts
●

Relevant UN SDGs

Improved quality of life of the people via
better earnings from several direct and
indirect job openings.

●

Development of the society (better
accommodation,

education

and

essential infrastructure)
●

Improved health of the people, thus
reducing the costs of treating illnesses.
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5.0 ROADMAP FOR THE UPTAKE OF BIOFUELS AS
THE FUTURE MARINE FUEL TO DECARBONIZE
SHIPPING
As clearly demonstrated in chapter 3.0 and 4.0 via literature review, SWOT Analysis and
Sustainable Business Model CANVAS that biofuels hold valuable potentials in terms of
renewability, biodegradability, harmful emissions reduction, non-toxicity, moderate
energy density, compatibility with available marine engines and bunkering facilities;
multi-streams of feedstock (several raw material source) and wider geographical
presence of raw materials for production. However, the significant adoption of biofuels
as marine fuels is presently barriered by high cost of production in comparison with the
conventional fossil-based marine fuels; lack of production capacity to meet shipping
demand; lack of international Standards and potential direct/indirect competition with
food resources. This chapter considers the findings in chapter 3.0 and 4.0 to come up
with a global and Nigeria-specific roadmaps for effective uptake of biofuels as marine
fuel, and

5.1

Roadmap for Global Uptake of Biofuels as Marine Fuel

Recognizing that meeting sustainability requirements is critical for biofuels to achieving
the benefits of reducing GHG and pollutants emissions without negatively impacting the
society, ecosystem biodiversity and food security, it is important to highlight that the
strengths of biofuels outweigh the weaknesses in terms of environmental sustainability,
social benefits and economic impacts in comparison with the conventional fossil-based
marine fuels as illustrated in tables 4.4; 4.5 and 4.6, as well as the sustainable business
model CANVAS.
However, the challenge remains in the high production cost and huge volume of biomass
(feedstock) needed to be cultivated to produce needed marine biofuels posing serious
competition in terms of land-usage and raw materials with food crops and other energy
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demand for heating, power generation and transportation, which are also increasing with
the continuously growing global population.
In the light of the fore mentioned, to achieve wider adoption of sustainable biofuels as
future marine fuel to transit shipping to low/zero carbon sector in the future, this roadmap
is designed to improve on the strengths/opportunities of biofuels and to remove the
barriers threatening the wider adoption of biofuels as the future marine fuel towards
decarbonization of shipping (as illustrated in figure 5.1).






IMO Regulations;
UN SDGs;
Bunker Prices;
Energy Security.

Considering

Drivers

Barriers

ROADMAP

Removing

Building on

 High cost;
 Not in commercial
volume;

Ensuring

Sustainability
 Mitigation of
climate change
impacts;

 High potential for
job/wealth
creation;

 Threats on food

Strengths

security & other
land uses.

 Reduce GHG, SOx,






 Remove
dependence on
finite fossil fuel;

PM emissions;
Renewability;
Compatibility
with
existing
marine
engines;
Diverse feedstocks;
High energy density
and
combustion
efficiency.

Figure 5.1: Pictorial Representation of the Strategic Direction of the Roadmap
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1. Stricter Regulations on the Use of Conventional Marine Fuels: The IMO is
required to tighten the energy efficiency Regulations of ships every five years and
adoption of carbon tax, this will boost the uptake of energy efficient technologies
and the use of cleaner alternative fuels, while also show bigger commitments in
the new IMO GHG Strategy (the initial IMO GHG Strategy is subject to review in
2023).
Noting that the Ships Energy Efficiency and other harmful emissions reduction
Regulations of the IMO have triggered increase in the use of LNG by ships, while
also seen increase in trials of biofuels as bunker in oceangoing vessels (for
example: Maersk-British Petroleum (bp) decarbonization trial (with Danish
Maritime Authority’s support) in 2021 (see table 4.4). In view of this, the use of
low carbon marine fuels and other renewable energy sources by ships can be
accelerated by putting in place stricter Regulations with strategic increase in
phases (between 3-5 years span).

Implementation of an enhanced EEDI phase 3; continuous enforcement of
EEXI/CII Regulations; SEEMP implementation and adoption of Market-BasedMeasures (MBMs) such as carbon tax on the use of fossil-based marine fuels
would boost the decarbonization efforts of the IMO and the uptake of low/zero
carbon fuels such as biofuels, LNG, Hydrogen, Methanol and Ammonia.

Nonetheless, the IMO should consider developing Regulations based on
Lifecycle Assessment (well-to-wake) for holistic evaluation of GHG emissions
reduction potentials of alternative fuels including biofuels, this is essential as the
current IMO Regulations consider the tank-to-wake (on-board usage of fuels for
propulsion).
2. Provision of research funds to further research on sustainable production
of biomass feedstocks and biofuels technologies: It is quite clear that further
research is needed to advance:
●

identification of energy crops (such as algae which have enormous
productivity potential per hectare) and other sustainable bio-based
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feedstocks (such as improved utilization of residues and wastes) that
pose no threat to food security and other uses of the land.
●

modification of biorefineries processes for effective production;

●

efficiency in biomass conversion and costs;

●

marine engine modifications for better energy efficiency;

●

blend-ability of biofuels in higher proportions (like 50%-70% biodiesel in
LSFO);

●

Sustainable production of biofuels at a commercial scale that benefits the
environment and the society.

3. Promotion of

alternative

fuels technologies by the IMO, UNEP,

Governments and Technology Companies: This is achievable through
technical assistance/engagement and capacity building programmes for relevant
stakeholders such as farmers, coastal dwellers, Government (local, state and
federal) authorities. This will create awareness on the socio-economic and
environmental benefits of biofuels;
4. Adoption of Enabling Policies on Bio-based Fuel Energy by Governments:
The policy will provide directions for the transition from fossil-fuels dependent
sector to a cleaner zero/less carbon sector using biofuels and boost the fight
against the climate change; it will encourage investment in biofuels production,
infrastructure and technologies; it will boost development of agriculture and
diversification of the economy; while also protect food security and biodiversity.
For a sustainable bio-based fuel economy, the policy should be tailored towards
achieving GHG emission reduction from direct usage of biofuel as well as from
indirect emission from feedstock cultivation, transportation and bunkering;
eliminate competition of biofuels feedstocks with food crops (as demonstrated in
the EU Green Deal). In this regard, developing countries can take a cue from the
EU Bioenergy Policy (such as the Renewable Energy Directive (RED)
2018/2001, which was adopted to promote utilization of renewable energy
sources in the EU; and the newly adopted plan REPowerEU to eliminate
dependence on fossil fuels from Russia; promote diversification of the energy
sector and boost biomethane and green hydrogen production)
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5. Development of Regulations by IMO to regulate the use of biofuels on board
ships as bunker fuel. These will provide the necessary confidence boost for the
shipowners regarding the safe carriage and usage of biofuels in tanks and marine
engines respectively; will set Standards to prevent the NOx emission increase
beyond permissible limits from combustion of biofuels; while also provides for
liabilities in case of damage from using or transporting biofuels (just as the Civil
Liability Convention on Oil Pollution Damage was adopted for fossil-based
marine fuels).

Adoption of specific Regulations for safe carriage and usage of biofuels as
bunker fuel will trigger the development of Standards/Certifications for biofuels
based on specifications and production pathways.

6. Establishment of financial incentives model for sustainable production of
biofuels: This is essential to promote entities that achieve substantial reduction
in GHG emission covering the entire life-cycle; and for use of biodegradable
waste materials as feedstock, which will promote circularity via reduction of
pressure on raw materials for production.

The advancement of nations in circular bio-economy where the present linear
economic processes are made circular and sustainable. Here, the concept of
circular bio-economy is proposed to shift from the single-source (crude oil) fossilbased fuel economy to bio-based economy where there is potential for several
streams of feedstocks including transforming biological wastes into biofuels. The
incentivization of the use of biodegradable wastes to produce biofuels will reduce
pressures on new raw materials, retain the value of the source material and
reduce wastage, thereby providing a critical pathway towards sustainability.

7. Availability of Flexible and Reliable Marine Engines for Biofuels and Other
Alternative Cleaner Fuels: This requires technological advancement in marine
engines technology to make the future engines adaptable to biofuels and other
low-carbon fuels (flexible) and with better energy efficiency. The present dualfuel marine diesel engines (such as Wätsilä Dual Fuel Engines 20DF, 25DF make
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it possible for ships to run on fossil-based marine fuels (for example HFO,
LSHFO) or Liquefied Natural Gas (LNG). The availability of efficient/flexible
engines that run smoothly on biofuels and other alternative fuels would make it
easy to transit from the conventional marine fuels, as the flexible engines can run
on biofuels at some point and the fossil-based LSHFO (allowing switching of fuels
(to achieve compliance to Regulations and possible cost optimization).
The successful and effective realization of this roadmap for wide biofuel adoption as
future marine fuel dwells on active intensive efforts by all stakeholders, where
Governments are expected to take the lead in putting in place the right policies that would
inspire investments at a level that is of scale or effective capacity and sustainable for the
shipping industry.

5.2

Roadmap for Nigeria’s Uptake of Biofuel as Marine Fuel and
Decarbonization of its Shipping Sector

Nigeria is blessed with enormous oil and gas reservoirs, which has been the major
source of energy and revenue for a country that according to the United Nations
Population Fund boasts a population of 216.7Million. The depletion of fossil fuel
resources has been identified as a major challenge to its sustainability as a source of
energy and fuel for the transport sector. Being a country that relies heavily on revenue
from the depleting crude oil and gas reserves, and the consciousness on the negative
externalities from burning fossil-based fuels, Nigeria needs to strategically transit from
fossil-based dependent energy sector to cleaner bioenergy sector that is sustainable
(renewable, reliable, environmentally friendly and utilizes available biomass resources).

Furthermore, Nigeria holds huge potential for biofuel production with vast fertile arable
land that could support specific cultivation of biomass for biofuel, however, this potential
is hindered by lack of enabling renewable energy policies and over-dependence on fossil
fuel products. To harness the socio-economic and environmental benefits of using
biofuels as ships bunker fuel, the following are recommended for Nigeria.

1. Provision for bioenergy research fund in the national budget: This will ensure the
availability of needed financial support to further research and development of
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biofuels as a sustainable source of energy in our local and foreign research
institutions.
2. Development of enabling policies for decarbonization of shipping including
biofuels development: The policy should trigger diversification of the energy
sector; interest in cultivation of energy crops (dedicated); wastes (such as saw
dusts, food crops husk/shaft, forests residues (fallen branches, leaves, stems)
conversion technologies; investment in biorefinery and adoption of bioeconomic
circularity.
3. Nationwide sensitization of

relevant

stakeholders on the benefits of

decarbonization and the roles of bio-based energy to achieving socio-economic
and environmental sustainability. This will create awareness and build capacities
of relevant industries and SMEs, which will in turn boost the uptake of biofuels
and adoption of advanced technologies.
4. Establishment of incentives to promote the sustainable production of biofuels,
adoption of biofuels as marine fuels, and cultivation of high-yield energy
crops/utilization of bio-based (cellulosic materials) wastes. These incentives
should be made in general terms to encourage Nigerian shipowners to adopt
emission reduction measures.
5. Promotion of Bioeconomy Circularity: This will lessen the waste management
crisis in Nigeria, boost the potential of turning the wastes to bioenergy and reduce
the pressure on natural resources.
6. Collaboration with neighboring countries (such as Benin Republic, Togo, Ghana,
Cameroon, Sieraleone) to establish biomass production hubs in the region
(including feedstocks provision and aggregation, as well as biorefineries): This
will ensure sustainable provision of multiple streams of feedstocks based on each
nation’s capacity and production of biofuels at a large scale to meet future
bunkering demands of shipping plying the region.
Nigerian Maritime Administration and Safety Agency (NIMASA), being the designated
Authority statutorily empowered to regulate shipping in Nigerian waters in line with the
provisions of national Regulations and IMO Conventions/Codes/Standards/Guidelines,
it is critical that NIMASA put in place necessary strategies to cut-down emissions from
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Nigerian-flagged vessels and foreign vessels plying Nigerian waters. In this regard, the
following are recommended for effective decarbonization of Nigeria’s shipping sector
using biofuels and other emission abatement measures.
1. Domestication of MARPOL Annex VI (Regulations for Prevention of Air Pollution
from Ships) in Nigeria to ensure effective implementation and enforcement of the
provisions.
2. Development of Decarbonization Plan for Nigeria’s Shipping Sector that will be
linked to the national decarbonization policy. This will provide direction to the
implementation of MARPOL Annex VI provisions and other emission abatement
measures provided in the initial IMO GHG strategy in Nigeria. The roadmap in
chapter 5.0 and other decarbonization policies developed by other nations (such
as the EU Green Deal) could serve as guides in the preparation of the plan.
3. Sensitization of relevant maritime stakeholders such as the Nigerian Ports
Authority (NPA), Shipowners, National Biotechnology Development Agency
(NABDA), and Bunker Fuel Suppliers (see figure 5.2) on the potential roles of
biofuels in lessening of harmful emissions from shipping and other transport
sector, the potential future markets for the bunker fuel suppliers, the essential
roles of NABDA to advance research on biofuels, and benefits of collaboration
and partnerships in achieving sustainability.
4. Training of more officers on maritime energy management and other essential
courses to build the capacity of enforcement officers, which will benefit the nation,
as shipowners will be guided appropriately and Nigeria will contribute its quota
as a responsible nation in the drive towards decarbonization. Ensuring
shipowners, port personnel/terminal operators have adequate knowledge to
effectively transit Nigeria’s shipping sector to a cleaner and sustainable future.
The current implementation of MARPOL Annex VI in Nigeria is below par and
requires enhanced technical capacity of personnel for effective development of
policies and strategic plans in line with national/IMO Regulations, IMO GHG
Strategy and UN SDGs for effective implementation and enforcement of
applicable legislation. Also, it is essential that NIMASA promote capacity building
drive in shipping, where personnel of Nigeria’s shipping companies also enrol in
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relevant courses (such as World Maritime University (WMU’s Maritime Energy
Management and other short relevant courses such as the new summer course
on maritime decarbonization) which would enhance their capacity in handling
the critical challenges of decarbonizing shipping and their operations.
5. Collaboration with the World Maritime University (WMU), the IMO and other
national research institutes to advance research on sustainable production of
biofuels in Nigeria and other potential low/zero carbon alternative fuels as well as
development of policies for decarbonization of Nigeria’s maritime sector. This is
in consonance with the revised IMO’s Strategic Directions SD 1, SD 3 and SD 7
aimed at improving implementation of Regulations, climate change response and
ensuring effectiveness of Regulatory functions by member States.
6. Creation of Sustainability Department in the Agency to champion the transitioning
of the Agency to an institution that prioritizes achievement of sustainability in its
operations (energy consumption, reduction of carbon footprint and promotion of
sustainable shipping in Nigeria’s waters).
7. Collaboration with the Nigerian Ports Authority to improve the operational
efficiencies (in terms of cargo handling time and ships waiting time at berth) of
Nigerian Ports and to develop pathways towards reducing GHG emission at the
ship-port interface. This will include data sharing; provision of infrastructures and
digitalization of port operations such as berthing optimization, JIT arrival and
autonomous pilotage.
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Synergy among all
entities is essential
Note:
Success depends
on the political will
and
leadership
poise of Nigerian
Government at all
levels.
(LEADERSHIP)

The MARAD:
Domestication of MARPOL Annex VI to implement
and enforce air pollution prevention Regulations
Develop enabling policy for effective transition to
cleaner fuels (including biofuels) and energy efficient
shipping
Collaborate with NPA and other stakeholders
Build Nigeria’s capacity with respect to sustainable
shipping such as WMU programmes (for personnel
and shipowners)
Provision of research funds to advance biofuels and
other alternative fuels
Establishment of Sustainability Department






NIMASA



The Port Authority
Collaborate with NIMASA to ensure the ship-port
interface is energy efficient.
Adopt policies to make Nigerian Ports greener and
smarter.
Build capacity of Ports personnel on energy efficient
shipping and port operation.
Invest in infrastructures such as (Onshore Power
Supply) that would be able to adapt to future energy
efficient ships calling at Nigerian Ports.
Incentivization of energy efficient shipping such as
slow steaming.
Work towards ISO 50001 certification of Ports
Develop Ports Energy Management Plan





Decarbonizing
Nigerias
Maitime
Transport
Sector

NPA




Biotech Development Agency:
Promote bio-based marine fuels via provision of
incentives to entities that produce it in sustainable
manner.
Initiate research in tertiary institutions and funding of
researches.
Collaborate with the relevant private entities (farmers,
biorefiners, shipowners, bunker suppliers, MARAD
and financial institutions



NABDA






SHIPOWNERS,
TERMINAL
OPERATORS &
OTHER
PRIVATE
SECTORS





THE PUBLIC

Investment in smarter /greener shipping/terminal
operations such as voyage optimization, cold ironing
system, cleaner fuel usage.
Develop policies for sustainable operations of fleets
Capacity building of personnel via programmes such
as WMU Summer Programme on Maritime
Decarbonization.



Take adavantage of economic opprotunities from
biofuels and other alternative fuels.
Cooperate with Government entities on sustainable
transition to cleaner shipping

Figure 5.2: Strategic Roadmap for Decarbonization of Nigeria’s Maritime Sector
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6.0 CONCLUSION AND RECOMMENDATIONS
This chapter entails the concluding statements on the study and the recommended
actions to advance research on biofuels as a future marine fuel.

6.1

Conclusion

The need for alternative energy sources in the guise of cleaner marine fuels and
renewable energy sources is critical to propel the maritime transport sector to a low/zero
carbon future, and it is identified as a key medium to long-term measure in the IMO GHG
Strategy in conjunction with other measures (such as energy efficiency and
management; and market-based measures). In the light of this study, the following are
key findings on biofuels as viable alternative marine fuel:

1. Biofuels hold huge potential to contribute to decarbonization of shipping and
lessening the release of harmful pollutants, while also providing socio-economic
benefits through job creation, development in rural areas, a source of economic
diversification (eliminating high dependence on fossil fuel) and bioeconomy
circularity. However, the GHG emission reduction is linked to the carbon benefits
from cultivation of biomass (serving as carbon sink) and other factors such as
types of feedstock utilized/production processes, while the socio-economic
benefits rely on sustainable production.

2. Technically, biofuels are viable as marine fuel in liquid form (bio-diesel, biomethanol, HVO, SVO) or gaseous form (bio-LNG) due to its combustion
efficiency, which is critical for performance and emission reduction and
compatibility with the existing marine engines. However, the risk of NOx emission
increase in marine engines and microbial growth are major challenges which are
surmountable by modification of the engines operational parameters (such as
adopting optimum temperature that would not raise the NOx emission beyond
compliance level).
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3. The wider uptake of biofuels in the industry is hindered by the high cost of
production (which is majorly on feedstocks cost), lack of production capacity to
meet the bunkering demand of shipping as stand-alone drop-in fuel, the
challenge on consistent availability of feedstocks for production, competition of
the feedstocks with food resources as well as other land uses,

and

understandably the social inertia around fossil-based marine fuel dominant usage
due to its availability and cost advantage.

This necessitates the adoption of innovative policies that will: support the cost
efficiency, flexibility (adopting the diverse streams of biomass (especially
cellulosic wastes, waste cooking oil/animal fat (second-generation) and
microalgae (third-generation) that do not threaten food security and other land
uses), and reliability of feedstocks production; speed-up the supply for the
shipping industry, and support research and development (R&D) on biofuels
techno-economic, social and environmental sustainability.

4. Stringent international Regulation by the IMO, the EU and other maritime nations
(such as carbon tax or carbon levy) is needed to reduce the use of fossil-based
marine fuels on vessels. This will promote the uptake of alternative energy
sources such as biofuels, and the levy collected can be used to fund research
and development on decarbonization of shipping.

Lastly, it is important to add that a low/zero carbon shipping future relies heavily on mix
of all emissions abatement strategies including ships energy efficiency/management
measures (technical and operational), alternative cleaner fuels (including biofuels),
energy from renewable sources (wingsails, flettner rotor sails, solar, electric batteries)
circularity (resource usage maximization and waste minimization), slow steaming,
carbon tax or levy (MBMs) and energy management systems for ship-port interface (such
as cold ironing, Just-In-Time Arrival), whose successful implementation dwells on
international Regulations and Governments’ commitments to putting in place enabling
policies, research funding, incentives on production and use of biofuels, infrastructures,
stakeholders

engagement

and

ensuring

sustainability.
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socio-economic

and

environmental

6.2

Recommendations

To advance research on the techno-economic, social and environmental potential of
biofuels as viable alternative marine fuel, the following are recommended:

1. There is need for further research on the sustainable production of biofuels from
second generation feedstocks (waste cooking oil and cellulosic wastes/residues)
and third generation feedstocks (such as microalgae and dedicated energy
crops(with short-period and high yield); and reliable/effective conversion
pathways. This should be backed with critical enabling policies and adequate
funding model by Governments/International Organizations.

2. Advanced knowledge in efficient biorefining with respect to technological
advancement that would maximize feedstocks conversion to biofuels (more
biofuels with little raw materials and reduced or no wastes) and utilize diverse
feedstocks.

3. Development of business models for sustainable production of biofuels at a
competitive cost with conventional marine fuels and that which considers the
inclusivity of all stakeholders, available resources (land-use, forestry, agriculture,
wastes) and production pathways.
4. Consideration of entire Life-Cycle (well to wake) emissions reduction potential of
alternative marine fuels (including biofuels) by IMO, and in studies (including the
externalities cost socially and environmentally) which will give a realistic picture
of the fuel potentials in decarbonizing shipping.
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